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PREFACE, 2009 ili 


Beginning with the edition for 1981, the title The Astronomical Almanac replaced both 
the title The American Ephemeris and Nautical Almanac and the title The Astronomical 
Ephemeris. The changes in title symbolise the unification of the two series, which until 1980 
were published separately in the United States of America since 1855 and in the United 
Kingdom since 1767. The Astronomical Almanac is prepared jointly by the Nautical Almanac 
Office, United States Naval Observatory, and H.M. Nautical Almanac Office, United Kingdom 
Hydrographic Office, and is published jointly by the United States Government Printing Office 
and The Stationery Office; it is printed only in the United States of America using reproducible 
material from both offices. 


By international agreement the tasks of computation and publication of astronomical 
ephemerides are shared among the ephemeris offices of several countries. The contribu- 
tors of the basic data for this Almanac are listed on page vii. This volume was designed in 
consultation with other astronomers of many countries, and is intended to provide current, 
accurate astronomical data for use in the making and reduction of observations and for general 
purposes. (The other publications listed on pages vili-ix give astronomical data for particular 
applications, such as navigation and surveying.) 


Beginning with the 1984 edition, most of the data tabulated in The Astronomical Almanac 
have been based on the fundamental ephemerides of the planets and the Moon prepared at 
the Jet Propulsion Laboratory. In particular, since the 2003 edition, the JPL Planetary and 
Lunar Ephemerides DE405/LE405 have been the basis of the tabulations. For the 2006 to 
2008 editions all the relevant International Astronomical Union (IAU) resolutions up to and 
including those of the 2003 General Assembly were implemented throughout. 


This edition, for the year 2009, implements fully the resolutions passed at the 2006 IAU 
General Assembly. This includes the adoption of the report by the IAU Working Group 
on Precession and the Ecliptic which affects a significant fraction of the tabulated data (see 
Section L for more details). U.S. Naval Observatory Circular No. 179 (see page ix) gives a 
detailed explanation of all relevant IAU resolutions and includes the precession model that 
was adopted by the IAU General Assembly in 2006 for use from 2009. 


The Astronomical Almanac Online is a companion to this volume. It is designed to broaden 
the scope of this publication. In addition to ancillary information, the data provided will appeal 
to specialist groups as well as those needing more precise information. Much of the material 
may also be downloaded. 


Suggestions for further improvement of this Almanac would be welcomed; they should be 
sent to the Chief, Nautical Almanac Office, United States Naval Observatory or to the Head, 
H.M. Nautical Almanac Office, United Kingdom Hydrographic Office. 


JONATHAN W. WHITE MICHAEL S. ROBINSON 
Captain, U.S. Navy, Chief Executive 
Superintendent, U.S. Naval Observatory, UK Hydrographic Office 
3450 Massachusetts Avenue NW, Admiralty Way, Taunton 
Washington, D.C. 20392-5420 Somerset, TAI 2DN 
U.S.A. United Kingdom 


October 2007 


iv CORRECTIONS AND CHANGES TO RECENT VOLUMES 


An up-to-date list of all errata are given on The Astronomical Almanac Online 
which may be found at http://asa.usno.navy.mil and http://asa.hmnao.com 


Corrections to The Astronomical Almanac, 2005—2008 


Page D2, Mean inclination of the lunar orbit to the ecliptic: 
replace 5-145 3964 by 5-156 6898 


Corrections to The Astronomical Almanac, 2006 


Page B8, line 11: replace longitudes of the Earth and Jupiter by ecliptic longitudes 
of the Sun and Jupiter. 


Page B67, Step B line 9: replace longitude of the Earth by ecliptic longitude of the Sun 


Corrections to The Astronomical Almanac, 2007 


Page B7, paragraph 4, line 7: replace longitudes of the Earth and Jupiter by ecliptic 
longitudes of the Sun and Jupiter 


Page B60: replace a=1/2+Z/8 by a=1/2+(X*?+Y’)/8 
Page B70, line 7: replace longitude of the Earth by ecliptic longitude of the Sun 


Corrections to The Astronomical Almanac, 2008 


Page B7, paragraph 4, line 7: replace longitudes of the Earth and Jupiter by ecliptic 
longitudes of the Sun and Jupiter 


Page B26, line 10: replace R,(@) by R,(d) 

Page B60: replace a=1/2+2Z/8 by a=1/24+(X7?+4+ Y’)/8 

Page B70, line 7: replace longitude of the Earth by — ecliptic longitude of the Sun 
Page F4, Saturn satellite XIX Ymir: replace =1315-21 by 1315-21R 


Page F4: Pluto satellite I Charon’s Inclination of Orbit should have a footnote stating “Relative 
to Earth’s J2000-0 equator’. 


Changes introduced for 2009 


The resolutions passed by the IAU in 2006 have been fully implemented. See Section L for 
more details. 


Section A: Occultation maps included on AsA-Online. 


Section B: Re-organized and updated to include [AU 2006 precession together, with some 
new material about the relationships between the equation of the equinoxes, the equation of 
the origins, and the transformation from the GCRS to the Celestial Intermediate Reference 
System. 


Section C: Updated physical ephemeris for the Sun 
Section E: Data from WGCCRE 2007 incorporated. 


Section F: Data from WGCCRE 2007 incorporated; added mutual phenomena of Galilean 
satellites. 


Section H: Hipparcos proper motions replaced Tycho-2 motions in star lists. Updated data for 
double stars, radial velocity standards, open clusters, radio flux standards, and pulsars. 


Section K: Relevant constants updated to [AU 2006. 
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Section A © PHENOMENA 

Seasons: Moon’s phases; principal occultations; planetary phenomena; elongations and magnitudes of 
planets; visibility of planets; diary of phenomena; times of sunrise, sunset, twilight, moonrise and 
moonset; eclipses, transits, use of Besselian elements. 


Section B =TIME-SCALES AND COORDINATE SYSTEMS 

Calendar; chronological cycles and eras; religious calendars; relationships between time scales; universal 
and sidereal times, Earth rotation angle; reduction of celestial coordinates; proper motion, annual parallax, 
aberration, light-deflection, precession and nutation; coordinates of the CIP & CIO, matrix elements for 
both frame bias, precession-nutation, and GCRS to the Celestial Intermediate Reference System, rigorous 
formulae for apparent and intermediate place reduction, approximate formulae for intermediate place 
reduction; position and velocity of the Earth; polar motion; diurnal parallax and aberration; altitude, 
azimuth; refraction; pole star formulae and table. 


Section C SUN 

Mean orbital elements, elements of rotation; low-precision formulae for coordinates of the Sun and 
the equation of time; ecliptic and equatorial coordinates; heliographic coordinates, horizontal parallax, 
semi-diameter and time of transit; geocentric rectangular coordinates. 


Section D MOON 

Phases; perigee and apogee; mean elements of orbit and rotation; lengths of mean months; geocentric, 
topocentric and selenographic coordinates; formulae for libration; ecliptic and equatorial coordinates, 
distance, horizontal parallax, semi-diameter and time of transit; physical ephemeris; low-precision 
formulae for geocentric and topocentric coordinates. 


Section E PLANETS AND PLUTO 

Rotation elements for Mercury, Venus, Mars, Jupiter, Saturn, Uranus, Neptune and Pluto; physical 
ephemerides; osculating orbital elements (including the Earth-Moon barycentre); heliocentric ecliptic 
coordinates; geocentric equatorial coordinates; times of transit. 


Section F SATELLITES OF THE PLANETS AND PLUTO 
Ephemerides and phenomena of the satellites of Mars, Jupiter, Saturn (including the rings), Uranus, 
Neptune and Pluto. 


Section G MINOR PLANETS AND COMETS 
Osculating elements; opposition dates; geocentric equatorial coordinates, visual magnitudes, time of 
transit of those at opposition. Osculating elements for periodic comets. 


Section H STARS AND STELLAR SYSTEMS 

Lists of bright stars, double stars, UBVRI standard stars, uvby and Hf standard stars, radial velocity 
standard stars, variable stars, bright galaxies, open clusters, globular clusters, ICRF radio source positions, 
radio telescope flux calibrators, X-ray sources, quasars, pulsars, and gamma ray sources. 


Section J © OBSERVATORIES 


Index of observatory name and place; lists of optical and radio observatories. 


Section K TABLES AND DATA 
Julian dates of Gregorian calendar dates; selected astronomical constants; reduction of time scales; 
reduction of terrestrial coordinates; interpolation methods; vectors and matrices. 


Section L NOTES AND REFERENCES Section M GLOSSARY Section N INDEX 
THE ASTRONOMICAL ALMANAC ONLINE 


http://asa.usno.navy.mil & http://asa.hmnao.com 

Eclipse Portal; occultation maps; lunar polynomial coefficients; planetary heliocentric osculating elements 
of date; satellite offsets, apparent distances, position angles, orbital, physical, and photometric data; minor 
planet diameters; bright stars, UBVRI standard stars, selected X-ray and gamma ray sources, double star 
orbital data; Observatory search; astronomical constants; errata; glossary. 


The pagination within each section is given in full on the first page of each section. 


vl STAFF LISTS, 2009 
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Captain Jonathan W. White, U.S.N., Superintendent 
Commander Charles L. Schilling, U.S.N., Deputy Superintendent 
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ASTRONOMICAL APPLICATIONS DEPARTMENT 


John A. Bangert, Head 
Sean E. Urban Chief, Nautical Almanac Office 
Alice K.B. Monet, Chief, Software Products Division 
John A. Bangert, Acting Chief, Science Support Division 
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THE UNITED KINGDOM HYDROGRAPHIC OFFICE 


Michael S. Robinson, Chief Executive 
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Steven A. Bell, Head 
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CONTRIBUTORS, 2009 vil 


The data in this volume have been prepared as follows: 


By H.M. Nautical Almanac Office, United Kingdom Hydrographic Office: 


Section A—phenomena, rising, setting of Sun and Moon, lunar eclipses; B—ephemerides 
and tables relating to time-scales and coordinate reference frames; D—physical ephemerides 
and geocentric coordinates of the Moon; F—ephemerides for sixteen of the major planetary 
satellites; G—opposition dates, geocentric coordinates, transit times, and osculating orbital 
elements, of selected minor planets; K—tables and data. 


By the Nautical Almanac Office, United States Naval Observatory: 


Section A—eclipses of the Sun; C—physical ephemerides, geocentric and rectangular co- 
ordinates of the Sun; E—physical ephemerides, geocentric coordinates and transit times of 
the major planets; F—phenomena and ephemerides of satellites, except Jupiter I-IV; G— 
ephemerides of the largest and/or brightest 93 minor planets; H—data for lists of bright stars, 
lists of photometric standard stars, radial velocity standard stars, bright galaxies, open clusters, 
globular clusters, radio source positions, radio flux calibrators, X-ray sources, quasars, pulsars, 
variable stars, double stars and gamma ray sources; J—information on observatories; L—notes 
and references; M—glossary; N—index. 


By the Jet Propulsion Laboratory, California Institute of Technology: 
The planetary and lunar ephemerides DE405/LE405. 


By the IAU Standards Of Fundamental Astronomy (SOFA) initiative 


Software implementation of fundamental quantities used in sections A, B, D and G. 


By the Institut de Mécanique Céleste et de Calcul des Ephémérides, Paris Observatory: 


Section F—ephemerides and phenomena of satellites I-IV of Jupiter. 


By The Institute for Theoretical Astrophysics, Oslo, Norway: 


Section F—Galilean satellites eclipsing and occulting pairs. 


By the Minor Planet Center, Cambridge, Massachusetts: 


Section G—orbital elements of periodic comets. 


In general the Office responsible for the preparation of the data has drafted the related 
explanatory notes and auxiliary material, but both have contributed to the final form of the 
material. The preliminaries, Section A, except the solar eclipses, and Sections B, D, G and K 
have been composed in the United Kingdom, while the rest of the material has been composed 
in the United States. The work of proofreading has been shared, but no attempt has been made 
to eliminate the differences in spelling and style between the contributions of the two Offices. 


vill RELATED PUBLICATIONS 


Joint publications of HM Nautical Almanac Office (UKHO) and the United States Naval 
Observatory 


These publications are published by and available from, UKHO Distributors, and the Superin- 
tendent of Documents, U.S. Government Printing Office (USGPO) except where noted. 


Astronomical Phenomena contains extracts from The Astronomical Almanac and is published 
annually in advance of the main volume. Included are dates and times of planetary and lunar 
phenomena and other astronomical data of general interest. This volume is available in the 
UK from Earth and Sky, see below. 


The Nautical Almanac contains ephemerides at an interval of one hour and auxiliary 
astronomical data for marine navigation. 


The Air Almanac contains ephemerides at an interval of ten minutes and auxiliary astro- 
nomical data for air navigation. This publication is now distributed solely on CD-ROM and is 
only available from USGPO. 


Other publications of HM Nautical Almanac Office (UKHO) 


The Star Almanac for Land Surveyors (NP321) contains the Greenwich hour angle of 
Aries and the position of the Sun, tabulated for every six hours, and represented by monthly 
polynomial coefficients. Positions of all stars brighter than magnitude 4-0 are tabulated monthly 
to a precision of 0°1 in right ascension and 1” in declination. A CD-ROM accompanies this 
book which contains the electronic edition plus coefficients, in ASCII format, representing the 
data. 


NavPac and Compact Data for 2006-2010 contains software, algorithms and data, which 
are mainly in the form of polynomial coefficients, for calculating the positions of the Sun, 
Moon, navigational planets and bright stars. It enables navigators to compute their position at 
sea from sextant observations using an IBM PC or compatible for the period 1986-2010. The 
tabular data are also supplied as ASCII files on the CD-ROM. 


Planetary and Lunar Coordinates, 2001-2020 provides low-precision astronomical data and 
phenomena for use well in advance of the annual ephemerides. It contains heliocentric, 
geocentric, spherical and rectangular coordinates of the Sun, Moon and planets, eclipse maps 
and auxiliary data. All the tabular ephemerides are supplied solely on CD-ROM as ASCII and 
Adobe's portable document format files. The full printed edition is published in the United 
States by Willmann-Bell Inc, PO Box 35025, Richmond VA 23235, USA. 


Rapid Sight Reduction Tables for Navigation (AP 3270 / NP303), 3 volumes, formerly 
entitled Sight Reduction Tables for Air Navigation. Volume 1, selected stars for epoch 2005-0, 
containing the altitude to 1’ and true azimuth to 1° for the seven stars most suitable for 
navigation, for all latitudes and hour angles of Aries. Volumes 2 and 3 contain altitudes to 
1’ and azimuths to 1° for integral degrees of declination from N 29° to S 29°, for relevant 
latitudes and all hour angles at which the zenith distance is less than 95° providing for sights 
of the Sun, Moon and planets. 


Sight Reduction Tables for Marine Navigation (NP 401), 6 volumes. This series is designed 
to effect all solutions of the navigational triangle and is intended for use with The Nautical 
Almanac. 


The UK Air Almanac contains data useful in the planning of activities where the level 
of illumination is important, particularly aircraft movements, and is produced to the general 
requirements of the Royal Air Force. 


NAO Technical Notes are issued irregularly to disseminate astronomical data concerning 
ephemerides or astronomical phenomena. 


RELATED PUBLICATIONS 1X 


Other publications of the United States Naval Observatory 


Astronomical Papers of the American Ephemeris* are issued irregularly and contain reports 
of research in celestial mechanics with particular relevance to ephemerides. 


U.S. Naval Observatory Circulars’ are issued irregularly to disseminate astronomical data 
concerning ephemerides or astronomical phenomena. 


U.S. Naval Observatory Circular No. 179, The LAU Resolutions on Astronomical Reference 
Systems, Time Scales, and Earth Rotation Models explains resolutions and their effects on the 
data, and available at http://aa.usno.navy.mil/publications/docs/Circular_179.php. 


Explanatory Supplement to The Astronomical Almanac edited by P. Kenneth Seidelmann of 
the U.S. Naval Observatory. This book is an authoritative source on the basis and derivation of 
information contained in The Astronomical Almanac, and it contains material that is relevant to 
positional and dynamical astronomy and to chronology. It includes details of the FK5 J2000-0 
reference system and transformations. The publication is a collaborative work with authors 
from the U.S. Naval Observatory, H.M. Nautical Almanac Office, the Jet Propulsion Laboratory 
and the Bureau des Longitudes. It is published by, and available from, University Science 
Books, 55D Gate Five Road, Sausalito, CA 94965, whose UK distributor is Macmillan. 


MICA is an interactive astronomical almanac for professional applications. Software for 
both PC systems with Intel processors and Apple Macintosh computers is provided on a single 
CD-ROM. MICA allows a user to compute, to full precision, much of the tabular data contained 
in The Astronomical Almanac, as well as data for specific times and locations. All calculations 
are made in real time and data are not interpolated from tables. MICA is published by, and 
available from, Willmann-Bell Inc. The latest version covers the interval 1800-2050. 


+ Many of these publications are available from the Nautical Almanac Office, U.S. Naval 
Observatory, Washington, DC 20392-5420, see http://aa.usno.navy.mil/ for availability. 


Publications of other countries 


Apparent Places of Fundamental Stars is prepared by the Astronomisches Rechen-Institut, 
Heidelberg (www.ari.uni-heidelberg.de). The printed version of APFS gives the data for 
a few fundamental stars only, together with the explanation and examples. The apparent 
places of stars using the FK6 or Hipparcos catalogues are provided by the on-line database 
ARIAPFS (www.ari.uni-heidelberg.de/ariapfs). The printed booklet also contains the so-called 
‘10-Day-Stars’ and the ‘Circumpolar Stars’ and is available from Verlag G. Braun, Karl- 
Friedrich-Strasse, 14-18, Karlsruhe, Germany. 


Ephemerides of Minor Planets is prepared annually by the Institute of Applied Astronomy 
(www.ipa.nw.ru), and published by the Russian Academy of Sciences. Included in this volume 
are elements, opposition dates and opposition ephemerides of all numbered minor planets. 
This volume is available from the Institute of Theoretical Astronomy, Naberezhnaya Kutuzova 
10, 191187 St. Petersburg, Russia. 


Electronic Publications 


The Astronomical Almanac Online (AsA Online): The companion publication of 
The Astronomical Almanac is available at 


http: //asa.usno.navy.mil/ =— WWw — http: //asa.hmnao.com/ 


X WORLD WIDE WEB LINKS 


Please refer to the relevant World Wide Web address for further details about the publications 
and services provided by the following organisations. 


U.S. Naval Observatory 

e Astronomical Applications at http://aa.usno.navy.mil 

e The Astronomical Almanac Online (AsA-Online) at http://asa.usno.navy.mil 

e USNO Circular 179 at http://aa.usno.navy.mil/publications/docs/Circular_179.php 

e USNO Julian/Calendar date conversion at http://aa.usno.navy.mil/data/docs/JulianDate.php 


H.M. Nautical Almanac Office 

e General information at http://www.hmnao.com 

e The Astronomical Almanac Online (AsA-Online) at http://asa.hbmnao.com 
e Eclipses Online at http://www.eclipse.org.uk 

e Online data services at http://websurf.hmnao.com 


e MoonWatch at http://www.crescentmoonwatch.org 


International Astronomical Organizations 

e [AU: International Astronomical Union at http://www.iau.org 

e IERS: International Earth Rotation and Reference Systems Service at http://www.iers.org 
e SOFA: IAU Standards of Fundamental Astronomy at http://iau-sofa.hmnao.com 


e CDS: Centre de Données astronomiques de Strasbourg at http://cdsweb.u-strasbg.fr 


Products provided by International Astronomical Organizations 

e IERS Earth Orientation data at http://www.iers.org/MainDisp.csl?pid=36-9 

e IERS Bulletins A, B, C and D descriptions at http://www.iers.org/MainDisp.csl?pid=44-14 

e IERS Technical Notes at http://www.iers.org/MainDisp.csl?pid=46-25772 

e IAU 2006 series for CIP & CIO at http://cdsweb.u-strasbg .fr/cgi-bin/qcat?J/A+A/459/98 1 

e IAU 2000A nutation series for Aw: http://maia.usno.navy.mil/conv2003/chapter5S/tab5.3a.txt 
e IAU 2000A nutation series for Ae: http://maia.usno.navy.mil/conv2003/chapter5/tab5.3b.txt 


Publishers and Suppliers 

e The UK Hydrographic Office (UKHO) at http://www.ukho.gov.uk 

e The Stationery Office (TSO) at http://www.tso.co.uk/ and at http://www.tsoshop.co.uk 
e U.S. Government Printing Office at http://www.gpo.access.gov 

e University Science Books at http://www.uscibooks.com 

e Willmann-Bell at http://www.willbell.com 

e Earth and Sky at http://www.earthandsky.co.uk 


e Macmillan Distribution at http://www.palgrave.com 
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ECLIPSES 
An annular eclipse of the Sun Jan. 26 South Atlantic Ocean, southern Africa, part 


of Antartica, south-east India, south-east 


Asia, Indonesia and Australia except 


Tasmania. 


A total eclipse of the Sun Jul. 21-22 India, southern and eastern Asia, Japan, 
northern Indonesia, the Philippines and 
the western and central Pacific Ocean. 


A partial eclipse of the Moon Dec. 31 Alaska, Australia, Indonesia, Asia, Africa, 
Europe including the British Isles and the 


Arctic regions. 


A penumbral eclipse of the Moon occurs on February 9, July 7 and August 5-6. 
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MOON AT PERIGEE MOON AT APOGEE 
d oh d oh doh d oh dik d oh 
Jan. 10 11 May 2604 Oct. 13 12 Jan.123 100). June 10 d6snOcti25023 
Feb!’ -7/20, June 23 11 .Nov.. .7 07 Feb. 19.17 July .7 22 yNow12220 
Mar .7, 15, July 2120. (Dec 4.14 Mar. 19 13 Aug. 401 Dec. 20 15 
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OCCULTATIONS OF PLANETS AND BRIGHT STARS BY THE MOON 
~ Date Body Areas of Visibility 


d oh 

Jan 21 13 Antares E. Pacific Ocean, central S. America, S. Atlantic Ocean 

Feb 17 21 Antares S.E. Asia, Indonesia, most of Australia, Oceania, French 
Polynesia 

Feb 22 22 Mercury Easternmost China, most of Japan, N.E. Siberia, Alaska, 
Aleutian Is. 

Feb: 23) OF Jupiter Philippines, Malaysia, Guam, S.E. Asia, most of China, E. 
Siberia, Japan, Aleutian Is. 

Feb 27 23 Venus Southern Ocean S.W. of Chile 

Mar 17 05 Antares N.E. part of S. America, S. Atlantic Ocean, southern Africa 
except southern tip, northern Madagascar, Yemen 

Apr 13 13 Antares Marshall Is., Kiribati Republic, Hawaiian Is., Mexico, Guatemala 

Apr 22 14 Venus N. Mexico, United States except eastern part, Canada except 
eastern part most of Greenland, E. Alaska, Svalbad 

May 10 21 Antares N.E. Africa, S.E. Europe, Middle East, Arabia, India, S. China, 
S.E. Asia, N. Philippines 

June 7 04 Antares N. America except most of Canada, N. part of S. America, N. 
Atlantic Ocean, N.W. part of Africa 

June 15 23 Juno S. Indian Ocean, N.W. Australia, Malaysia, Indonesia, New 
Guinea, Melanesia 

July 410 Antares Japan, Guam, Marshall Is., Kiribati Republic, Hawaiian Is. 

July 31 16 Antares N.E. Africa, S.E. Europe, Middle East, Arabia, India, S China, 
S.E. Asia, N. Philippines 

Aug 18 07 Vesta N. Atlantic Ocean, Europe, N. tip of Africa, W. Russia, Middle 
East, India, W. China, S.E. Asia 

Aug 27 22 Antares N. America except most of Canada, N. part of S. America, N. 
Atlantic Ocean, N.W. part of Africa 

Sept 13 16 Mars Central Siberia, N. Scandinavia, Iceland, Greenland, 
northernmost Canada, Arctic regions 

Sept 24 06 Antares E. China, Taiwan, Japan, S.E. Russia, W. Pacific Ocean 

Oct 1201 Mars S. Indian Ocean between S. Africa and Antarctica, Kerguelen Is. 

Oct 21 15 Antares N. Atlantic Ocean, Europe, S. Scandinavia, N.W. tip of Africa 


Maps showing the areas of visibility may be found on Www AsA-Online. 
OCCULTATIONS OF X-RAY SOURCES BY THE MOON 


Occultations occur at intervals of a lunar month between the dates given below: 


Source Dates Source Dates 
H 2215 — 086 Jan. 01—Oct. 28 3A 2253 — 033 Jan. 02—Dec. 23 
1A 0535 + 262 Jan. 09—Dec. 30 U Gem Jan. 11—Oct. 11 
Gx3 + 1 Jan. 23—Dec. 16 Gx5 — 1 May 12—Dec. 16 
MXB 1803 — 24 Sep. 26—Dec. 17 GX 1+ 4 Oct. 22—Dec. 16 


AVAILABILITY OF PREDICTIONS OF LUNAR OCCULTATIONS 


The International Lunar Occultation Centre, Astronomical Division, Hydrographic Depart- 
ment, Tsukiji-5-3-1, Chuo-ku, Tokyo, 104-0045 JAPAN is responsible for the predictions and 
for the reductions of timings of occultations of stars by the Moon. 
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GEOCENTRIC PHENOMENA 


MERCURY 
doh d oh doh d oh 
Greatest elongation East Jan. 4 14(19°) Apr. 26 08 (20°) Aug. 24 16 (27°) Dec. 18 17 (20°) 
EATON ALY Sohn yey loite Jan. 11 07 May 7 16 Sept. 6 20 Déec6 69 
Inferior conjunction ... Jan. 20 16 May 18 10 Sept. 20 10 — 
SD tLOM OLA eee eens oe Peps 1,02 May 30 16 Sept. 28 18 = 


Greatest elongation West Feb. 13 21 (26°) June 13 12 (23°) Oct. 602(18°) — 
Superior conjunction... Mar. 31 03 July 14 02 Nov. 5 08 — 


VENUS 
d oh d oh 
Greatest elongation East Jan. 1421 (47°) Stationary ......... Apr. 15 08 
Greatest illuminated extent Feb. 19 15 Greatest illuminated extent May 2 15 
SatlONALY: © eerste a Mar. 5 01 Greatest elongation West June 5 21 (46°) 


Inferior conjunction .... Mar. 27 19 


SUPERIOR PLANETS & PLUTO 


Conjunction Stationary Opposition Stationary 
d oh doh doh doh 

IViATS Ope es et et — Dée? 21.16 — — 
MnNOlCiec ae. ae ee se Jan: 24:06 . Juné 15.20° vAugy7y14 18-7 :Oct 713;09 
Satutiresees AM. Wi aretha t Septet 13 Jans S120" MMos S20: allay S179 
LIS VED cS Ree oo ene a aR De Mar. 13 01 july” SiG") Septal 7 10. Det 5 2105 
Neptunes... O¥s oth ag, biz. Reb. “22513 May 2911 Aug. 1721 Nov. 419 
Pt SD Vin, uke RON Se Dec. 2418 | Apr ~4 16° ‘June™23'08 © Sept.-11 16 


The vertical bars indicate where the dates for the planet are not in chronological order. 


OCCULTATIONS BY PLANETS AND SATELLITES 


Details of predictions of occultations of stars by planets, minor planets and satellites are 
given in The Handbook of the British Astronomical Association. 


HELIOCENTRIC PHENOMENA 


Perihelion Aphelion Ascending Greatest Descending Greatest 

Node Lat. North Node Lat. South 

Mercury Jan. 13 Reb. 26 Jan... =8 fan Ww 23 Feb. 16 Mar. 18 

Apr. 11 May 25 Apr. 6 Apr. 21 May 15 June 14 

July 8 Aug. 21 Julyay. =3 July 18 Aug. 11 Sept. 10 

Oct. 4 Nov. 17 Sept. 29 Oct. 14 Nov. 7 DECh 2] 
Der aot — Peo 26 — — — 

Venus Keb.o June! 13 Van, TES Mar. 15 May 10 July 6 
Oct. 4 — Aug. 31 Oct. 25 Dec. 20 -- 

Mars Apr. 21 — Aug. 20 — — | Mar. 26 


Uranus: Aphelion, Feb. 27 _ 
Jupiter, Saturn, Neptune, Pluto: None in 2009 
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ELONGATIONS AND MAGNITUDES OF PLANETS AT 0° UT 


Mercury Venus Mercury Venus 
Date Date 
Elong. Mag Elong. Mag. Elong. Mag Elong 
Jan. -—1 E. 18 —0-7 E. 46 —4-4 July.-3" W213 121, oi. 
4 E. 19 -—0-7. E. 47 —4-4 8 Wp 7 =1-6 W. 
9 E. 18,-0:2 E.. 47 —4.5 13 Wade 2:2 
14 E. 13 +1:3, E. 47 —4-5 1S ky 3S Ula] ay 
19. E.®@onet45  E. 47 —4:6 23 +E. 10 -1-1 W. 
24 W. 8 +34 #4E. 47 —4-6 28 +E. 15 —0-7 — W. 
29 W. 17: +12 EE. 46 —4.7 Aug. 2 E. 19 —0-4 . W. 
Feb., 3 W. 22 +0:33 E, 46 —47 7. E22 025 Wy, 
8 W. 25 00 E. 45 —4-8 125 E.. 24¢=0:1) oW: 
13. W. 26 -0-1 E. 43 —4-8 PTE. 1262-0 niW: 
18 W. 26 -0-1 E. 41 —4.8 22028) 27) FO ve 
23 W. 25 -0-1 E. 39 —48 22 EB. 27 0-2 WwW. 
28 W. 23 —0-1 E. 35 —4.8 Sept. 1 E. 26 +0:4 W. 
Mar. 5 W. 21 —0-2 E. 32 —4.8 Geet Fs 236-0: 8n-9nW. 
10 W. 18 —0-3 E. 27 —4-7 Ui igi) Sane ot oe a2 
15 W. 14 -06 E. 21 —4-5 16” ETO ae W 
20 W. 11 -0-9 E. 15 —4.3 21” W. "3 : W. 
250) W.osG1—t:3, Exeo 2A) 26 W. 10 +26 W. 
30 W..2 -20 W. 9 —4-2 Oct. 1 W. 16 +04 W. 
Apr. 4 E. 4 -19 W. 13 —4-2 6 W. 18 -0-6 W. 
9 E. 10 -15 4W. 19 —4-4 11 W. 17 -09 W. 
14 E. 14 -11 W. 25 —4-6 16 W. 14 -10 W. 
19 E. 18 -—0-7 W. 30 —4.7 21 W. 10 -1-1~ W. 
24 E. 20 -0-2 W. 34 —4.7 26 W. 7-12 ~ W. 
29 E. 20°+0-6 0» W. 37 =4-7 SS WAS S39 Ww 
May 4 E. 18 +16 W. 40 —4-7 Nov. 5 0 : W. 
9 E. 13 +3:0 W. 42 —4.7 109 EB. Sev Hh2m) W. 
14 E 7 +49 W. 43 —4.7 1S), E. © —0:9 " W. 
19. JW. . 1 : W. 44 —4-6 20 EE. 8 0-7 .-W. 
24 W. 9 +44 #2W. 45 —4.6 25 &§E. 11 —0-6 = ‘W. 
29 W. 15 42-8 W. 46 —4-5 30 E. 14 -05 W. 
June 3 W. 20 +17 W. 46 —4-5 Dee. 5 E. 16 -0-5 W. 
8 W. 22 +10 W. 46 —4-4 10 E. 18 —0-6-° W. 
13. W. 23 +05 W. 46 —4.4 15 E. 20 -06 W. 
18 W. 23 00 W. 45 —4.3 20 E. 20 -05 W. 
23 W. 21 -0-3 W. 45 —4.3 25 SR a i BS! AQ0 Ay: 
28 W. 17 -0-7 W. 44 —4.2 30°. E...12 +16 W. 
July 3 W. 13 -1-1 WW. 44 -4.2 < idle ela: : W. 


MINOR PLANETS 


Conjunction Stationary Opposition Stationary 
Geress) fics: Oct, S3t ee Ea 4! Feb, 25 Apr. 17 
Palast esa. ayo Sept. 13 — —- | “Jans” 2 
PUNOMe Miki. Jan. 18 Aug. 15 Sept. 21 Octe "St 


WESTBY s05 se June 22 = — pears 


lel ame lela 
eS eee eS aired on Seer S Mines ee ee ee Se ele ot 
CO COODOD COKOHDSD OCKOOKHOSD OKOOOOD ONDKDHS SOSOSSO 


WW WW W LW 


| | | | | | | | | | Sees’ sl 
WWWWW WWWWW WWWWW 


BW 
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ELONGATIONS AND MAGNITUDES OF PLANETS AND PLUTO AT 0! UT 


Mars Jupiter Saturn Uranus Neptune Pluto 

Date 
Elong. Mag. long. Mag. Elong. Mag.  Elong. Elong. Elong. 
Jan.” Shee Wp ay Tact eS iygpyade208 = 1-9- Wh 10 1-0 cB Ti Boden (Wered 
OW. 9 41.3) GES 12. 1-9) We 117° -+0:0 E. -61—_ E34. 5 Ww. 18 
TOS W! 12> -AY.3 ERR Ava 0%) W128¥e-0:0r TE Ans BOY B84 Siew 28 
29 W. 14413 W. 4-19 W.138 40-8 E. 41 +E. 14 W. 37 
Feb.2 | -8.— W.- 17-+-1-35, W.-42-—1-92 Wil 49. =60:7:4 “Bt OS1Ols Et V4 naw 247 
TSE Woe Oe e2) BW) LO 1 -OerNeTOOR HOG LIE 208 Wy PES TWEE 57 
28 «2W~. 21 41-2 W. 27 -2:0 W.170 405 E. 12 W. 15 W. 67 
Mar. 10 W. 2441-2 W. 35 —2:0 E.177+05 E. 3 W. 25 W. 76 
20 W. 26 +12 W. 43 -2:00 E. 168405 W. 7 W. 34 W. 86 
30 =W. 28 +1-2 W. 51 —2-1  E. 157-+0-6 W. 16- .W. 44 .W. 96 
Apr 9 W. 3041-2 W. 59 -2-1 E. 147 406 W. 25 W. 53 W. 106 
19) We 320461221) Wiis 67, = 2:2 Eo 13604-0-7) yy Wai84. inWey 63) oe W116 
29. We 34 +1-2.99-W.. 75/—2-2— Ee. 126 4-0-7... W. 44. W. 73. W.125 
May 9 W. 36 4+1-2 W. 84 -2:3 £E. 116 +0-:8 W. 53 W. 82 W.135 
19... W..,38. 1.2, W.4,92,.—2:-4— _E. 107 40:9 W.. 62. » W. 792. .W..145 
29° ~W. 40°+1-2 “W. 101 —2-4 E, 97°-40:9 Wo 72 W.101 W.155 
June 8 WW. 42 41-1 W.110 -—25 E. 88 +1:0 W. 81 W.111 W. 164 
18 W. 44° 41-1 W.120 -—2:-6 E. ‘79 41:0 W. 90 W.121 W.172 
28. W. 47 +1-1 °° W. 130 —2-6 E. 70 +1-0 W.100 W.130 = E. 173 
July 8 W. 49 41-1 W.140 -2-7 E. 6141-1 W.109 W.140_ E. 165 
18 W. SL a1” W..150 2°35 “Ea @s25-41-1 2 Wollo, CW sO 2B 155 
28 «=4W. 5441-1 W.161 —-2:8 E. 44 41-1 W.129 W.159 E. 146 
Auge «Tithe Wind Tell ~Waldd. =2:8<ityEos 35uchl- bn ia W.l39he) Walo9s 24H 2136 
D7 ee We, 6004-71-05 Es ATT 2-9. Eo 22974 +1ek yp W148. 2: Wel79) .SE126 
21h 25Weir 63),+1-0,., 4B: 167-28 % 5 Ea edl Ota tly, Weld8, - Bs VES. 117 
Sept. 6  W. 66 +09 E. 156 —2:8 .E: 10-61 W.168 E. 161 E107 
16 W. 70 +0-9 E. 145 -2-8 E 241-1 W.178 E. 151 E. 97 
26. —-W. 74 -+0-8- “E. 135 —2:7 W. 7 +11 E.171 §E. 141 E:. 88 
Oct.. © 6. -W,. 78 SOF), 2TEAIO4 =2-6; IW. Hose MESaGr = 6E: 131 E. 78 
16; “aW. 83-06 (E114 2.67 We 24 +1) OE 151 EE 121 9 BGs 
262" We 88. 40:5 AE. 105) =2:5 wawi 233 “lel EQ 14t BE. 11) By 59 
Nov. “5° W.. 94 +40-4 (B.295.-—24>>W. 42 41-1 ..E. 130 E. 10 §E.) 49 
1522 W100 40:2 ~~ 4Ey 86 =—245 WooslRel -=B.120 Es Si B59 
256 JWoNO7-E0-1, IE lie 2-3 Ws 2000-0 OB IO: 6B Sl Ba 30 
Dec. 15 (Walls =0-) jEf 699—2:2,CeWa 70-10 . 5b 100 = Bo 7. =Bay 20 
15) We 124 —0-4- E2760, 2:2 2 Wa ie 1-0” OE, 90) YE G1 eae 11 
25 - W.)134F=0-6 1B) 52=2:'1 (We 89 40-9" EO30 (Ecol) Wee 5 
35° ~W.145 =0:8 “(Er 43°=2:1 WW, ‘99 +09" “EL “OE. 41e Wr 11 


Magnitudes at opposition: Uranus 5-7 Neptune 7-8 Pluto 13-9 
VISUAL MAGNITUDES OF MINOR PLANETS 
Jan.9 Feb.18 Mar.30 May9 Junel8 July28 Sept.6 Oct. 16 Nov.25 Dec. 35 


Cero. = 6-9 7-4 8-1 8-6 8:8 8-8 8-6 8-7 9-0 
Pallas 8-1 8-4 8-7 8-9 9-0 9-0 8-7 9-1 9.4 9.4 
Juno 10-8 10-8 10-7 10-5 9.9 9-1 8-1 8-1 8-8 yee) 
Vesta 7:8 8-2 8-4 8-4 8-1 8-4 8-4 8:2 7:8 7-1 


A6 PHENOMENA, 2009 


VISIBILITY OF PLANETS 


The planet diagram on page A7 shows, in graphical form for any date during the year, the 
local mean times of meridian passage of the Sun, of the five planets, Mercury, Venus, Mars, 
Jupiter and Saturn, and of every 2" of right ascension. Intermediate lines, corresponding to 
particular stars, may be drawn in by the user if desired. The diagram is intended to provide a 
general picture of the availability of planets and stars for observation during the year. 


On each side of the line marking the time of meridian passage of the Sun, a band 45™ wide 
is shaded to indicate that planets and most stars crossing the meridian within 45™ of the Sun 
are generally too close to the Sun for observation. 


For any date the diagram provides immediately the local mean time of meridian passage of 
the Sun, planets and stars, and thus the following information: 

a) whether a planet or star is too close to the Sun for observation; 

b) visibility of a planet or star in the morning or evening; 

c) location of a planet or star during twilight; 

d) proximity of planets to stars or other planets. 


When the meridian passage of a body occurs at midnight, it is close to oppusition to the 
Sun and is visible all night, and may be observed in both morning and evening twilights. As 
the time of meridian passage decreases, the body ceases to be observable in the morning, but 
its altitude above the eastern horizon during evening twilight gradually increases until it is on 
the meridian at evening twilight. From then onwards the body is observable above the western 
horizon, its altitude at evening twilight gradually decreasing, until it becomes too close to the 
Sun for observation. When it again becomes visible, it is seen in the morning twilight, low in 
the east. Its altitude at morning twilight gradually increases until meridian passage occurs at 
the time of morning twilight, then as the time of meridian passage decreases to 0", the body 
is observable in the west in the morning twilight with a gradually decreasing altitude, until it 
once again reaches opposition. 


Notes on the visibility of the planets are given on page A8. Further information on the 
visibility of planets may be obtained from the diagram below which shows, in graphical form 
for any date during the year, the declinations of the bodies plotted on the planet diagram on 
page A7. 


DECLINATION OF SUN AND PLANETS, 2009 
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PLANETS, 2009 


LOCAL MEAN TIME OF MERIDIAN PASSAGE 
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VISIBILITY OF PLANETS 


MERCURY can only be seen low in the east before sunrise, or low in the west after sunset (about 
the time of beginning or end of civil twilight). It is visible in the mornings between the following 
approximate dates: January 27 to March 22, May 28 to July 6, and September 28 to October 23. The 
planet is brighter at the end of each period, (the best conditions in northern latitudes occur in the first 
half of October and in southern latitudes from the end of the first week of February to the start of 
March). It is visible in the evenings between the following approximate dates: January | to January 15, 
April 9 to May 9, July 22 to September 14 and November 22 to December 30. The planet is brighter 
at the beginning of each period, (the best conditions in northern latitudes occur from mid-April to early 
May and in southern latitudes from mid-August to early September). 


VENUS is a brilliant object in the evening sky from the beginning of the year until the second half of 
March when it becomes too close to the Sun for observation. At the beginning of April it reappears in 
the morning sky, where it can be seen until the start of December, when it again becomes too close to 
the Sun for observation. Venus is in conjunction with Mars on April 18 and June 19 and with Saturn on 
October 13. 


MARS is too close to the Sun for observation until the start of February when it appears in the morning 
sky in Sagittarius. Its westward elongation gradually increases as it passes through Capricornus, Aquarius, 
Pisces, Cetus, into Pisces again, Aries, Taurus (passing 5° N of Aldebaran on July 27), Gemini (passing 
6° S of Pollux on October 5), Cancer and into Leo, where it can be seen for more than half the night. 
Mars is in conjunction with Mercury on January 26 and March 1, with Jupiter on February 17 and with 
Venus on April 18 and June 19. 


JUPITER can be seen in the evening sky in Sagittarius at the beginning of January and then passes into 
Capricornus during the first week of January, remaining in this constellation throughout the year. In the 
second week of January it becomes too close to the Sun for observation and reappears in the morning 
sky in early February. Its westward elongation gradually increases and after mid-May it can be seen for 
more than half the night. It is at opposition on August 14 when it is visible throughout the night. Its 
eastward elongation then gradually decreases and from mid-November until the end of the year it can 
only be seen in the evening sky. Jupiter is in conjunction with Mars on February 17 and with Mercury 
on February 24. 


SATURN rises shortly before midnight at the beginning of the year in Leo and is at opposition on March 
8, when it can be seen throughout the night. From mid-June until the end of August it is visible only in 
the evening sky, and then becomes too close to the Sun for observation. It reappears in the morning sky 
in Virgo in early October and remains in the morning sky until late December. Saturn is in conjunction 
with Mercury on August 18 and October 8 and with Venus on October 13. 


URANUS is visible from the beginning of the year until mid-February in the evening sky in Aquarius. 
It then becomes too close to the Sun for observation and reappears in early April in the morning sky in 
Pisces. It is at opposition on September 17. Its eastward elongation gradually decreases and passes into 
Aquarius once again from early October, remaining in this constellation for the rest of the year. From 
mid-December it can only be seen in the evening sky. 


NEPTUNE is visible from the beginning of the year in the evning sky in Capricornus and remains in 
this constellation throughout the year. In the fourth week of January it becomes too close to the Sun for 
observation and reappears in early March in the morning sky. It is at opposition on August 17 and from 
mid-November can be seen only in the evening sky. 


DO NOT CONFUSE (1) Jupiter with Mercury in early January and late February and with Mars in 
mid-February; on all occasions Jupiter is the brighter object. (2) Mercury with Mars from late February 
to early March and with Saturn in mid-August and in the second week of October; on all occasions 
Mercury is the brighter object. (3) Venus with Mars from mid-April to the start of May and from early 
June to early July and with Saturn in mid-October; on all occasions Venus is the brighter object. 


VISIBILITY OF PLANETS IN MORNING AND EVENING TWILIGHT 


Morning Evening 
Venus April 1 — December 1 January 1 — March 24 
Mars February | — December 31 
Jupiter January | — January 11 
February 7 — August 14 August 14 — December 31 
Saturn January | — March 8 March 8 — August 31 


October 6 — December 31 
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CONFIGURATIONS OF SUN, MOON AND PLANETS 


Saturn stationary 
Uranus 5° S. of Moon 


FIRST QUARTER 


Mercury greatest elong. E. (19°) 
Earth at perihelion 
Moon at perigee 


FULL MOON 


Mercury stationary 

Venus greatest elong. E. (47°) 
Saturn 6° N. of Moon 

Ceres stationary 


LAST QUARTER 


Juno in conjunction with Sun 
Mercury in inferior conjunction 
Antares 0°02S. of Moon  Occn. 
Pallas stationary 

Moon at apogee 

Venus 1°4N. of Uranus 

Jupiter in conjunction with Sun 


NEW MOON 


Neptune 1°8S. of Moon 
Uranus 5° S. of Moon 
Venus 3°S. of Moon 
Mercury stationary 


Eclipse 


FIRST QUARTER 
Moon at perigee 
FULL MOON Penumbral Eclipse 


Saturn 6° N. of Moon 
Neptune in conjunction with Sun 
Mercury greatest elong. W. (26°) 


LAST QUARTER 


Mars 0°6S. of Jupiter 

Antares 0°04S. of Moon Occn. 
Venus greatest illuminated extent 
Moon at apogee 

Mercury 1°1S. of Moon 
Jupiter 0°7S. of Moon 
Mars 1°7S. of Moon 
Mercury 0°6S. of Jupiter 


Occn. 
Occn. 


NEW MOON 


Ceres at opposition 
Venus 1°3.N. of Moon 
Mercury 0°6S. of Mars 


FIRST QUARTER 


Occn. 


Venus stationary 

Moon at perigee 

Mars 0°8S. of Neptune 
Saturn at opposition 


FULL MOON 
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Saturn 6° N. of Moon 
Uranus in conjunction with Sun 
Antares 0°2S. of Moon — Occn. 
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NEW MOON 


Jupiter 0°4S. of Neptune 
Moon at perigee 
Neptune stationary 
Mercury stationary 
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Saturn 6° N. of Moon 
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All 


CONFIGURATIONS OF SUN, MOON AND PLANETS 


Mars 6°S. of Pollux 
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Moon at apogee 
Jupiter 4° S. of Moon 
Neptune 3° S. of Moon 


FIRST QUARTER 


Uranus 6° S. of Moon 
Uranus stationary 
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Mars 6° N. of Moon 


LAST QUARTER 
Saturn 8° N. of Moon 
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Al2 RISINGS, SETTINGS AND TWILIGHTS, 2009 


Arrangement and basis of the tabulations 


The tabulations of risings, settings and twilights on pages Al4—A77 refer to the instants when the true 
geocentric zenith distance of the central point of the disk of the Sun or Moon takes the value indicated 
in the following table. The tabular times are in universal time (UT) for selected latitudes on the meridian 
of Greenwich; the times for other latitudes and longitudes may be obtained by interpolation as described 
below and as exemplified on page A13. 


Phenomena Zenith distance Pages 
SUN (interval 4 days): sunrise and sunset 90° 50’ Al4-A21 
civil twilight 96° A22--A29 
nautical twilight 102° A30-A37 
astronomical twilight 108° A38—-A45 
MOON (interval 1 day): moonrise and moonset 90° 34’ +s —z A46—-A77 


(s = semidiameter, 2 =horizontal parallax) 


The zenith distance at the times for rising and setting is such that under normal conditions the upper 
limb of the Sun and Moon appears to be on the horizon of an observer at sea-level. The parallax of 
the Sun is ignored. The observed time may differ from the tabular time because of a variation of the 
atmospheric refraction from the adopted value (34’) and because of a difference in height of the observer 
and the actual horizon. 


Use of tabulations 


The following procedure may be used to obtain times of the phenomena for a non-tabular place and 
date. 


Step 1: Interpolate linearly for latitude. The differences between adjacent values are usually small 
and so the required interpolates can often be obtained by inspection. 


Step 2: Interpolate linearly for date and longitude in order to obtain the local mean times of the 
phenomena at the longitude concerned. For the Sun the variations with longitude of the local mean times 
of the phenomena are small, but to obtain better precision the interpolation factor for date should be 
increased by 

west longitude in degrees /1440 


since the interval of tabulation is 4 days. For the Moon, the interpolating factor to be used is simply 
west longitude in degrees /360 
since the interval of tabulation is 1 day; backward interpolation should be carried out for east longitudes. 


Step 3: Convert the times so obtained (which are on the scale of local mean time for the local 
meridian) to universal time (UT) or to the appropriate clock time, which may differ from the time of the 
nearest standard meridian according to the customs of the country concerned. The UT of the phenomenon 
is obtained from the local mean time by applying the longitude expressed in time measure (1 hour for 
each 15° of longitude), adding for west longitudes and subtracting for east longitudes. The times so 
obtained may require adjustment by 24"; if so, the corresponding date must be changed accordingly. 


Approximate formulae for direct calculation 


The approximate UT of rising or setting of a body with right ascension aw and declination § at latitude 
@ and east longitude 2 may be calculated from 


UT = 0-997 27 {a — A + cos '(— tan @ tan) — (GMST at 0" UT)} 


where each term is expressed in time measure and the GMST at 0" UT is given in the tabulations on 
pages B13-B20. The negative sign corresponds to rising and the positive sign to setting. The formula 
ignores refraction, semi-diameter and any changes in a and 6 during the day. If tan ¢ tan 8 is numerically 
greater than 1, there is no phenomenon. 


RISINGS, SETTINGS AND TWILIGHTS, 2009 A13 


Examples 


The following examples of the calculations of the times of rising and setting phenomena 
use the procedure described on page A12. 


1. To find the times of sunrise and sunset for Paris on 2009 July 20. Paris is at latitude 
N 48° 52’ (= +48°87), longitude E2° 20’ (= E2°33 = EO* 09"), and in the summer the 
clocks are kept two hours in advance of UT. The relevant portions of the tabulation on page 


A19 and the results of the interpolation for latitude are as follows, where the interpolation 
factor is (48-87 — 48) /2 = 0-43: 


Sunrise Sunset 
+48° +50° +48°87 +48° +50° 4+48°87 
[ave eal h m h m h m h m bh mi 
July 17 0418 0410 04 15 195550 2 OTO2 9 57] 
July 21 02083 O81 O24 20 IS) 4S) IO s/f 1I@) Sw 
The interpolation factor for date and longitude is (20 — 17)/4 — 2-33/1440 = 0-75 
Sunrise Sunset 
Gd hy hr ad-“h ~ 1 
Interpolate to obtain local mean time: 20 04 19 LOMO ISS 
Subtract 0° 09™ to obtain universal time: 20 04 10 20 19 44 
Add 2" to obtain clock time: 20 06 10 20 21 44 


2. To find the times of beginning and end of astronomical twilight for Canberra, Aus- 
tralia on 2009 November 15. Canberra is at latitude S35° 18’ (= —35°30), longitude 
E 149° 08’(= E149°13 = E9* 57™), and in the summer the clocks are kept eleven 
hours in advance of UT. The relevant portions of the tabulation on page A44 and the 
results of the interpolation for latitude are as follows, where the interpolation factor is 
(—35-30 — (—40))/5 = 0-94: ; a 

Astronomical Twilight 


beginning end 
—AP 3D, 0 A shy ese 
h m h m h m h m h m h m 
Nov. 14 02 46 0309 03 08 20 44 2021 20 22 
Nov. 18 0241 0305 03 04 20S UO Or, 207 


The interpolation factor for date and longitude is (15 — 14)/4 — 149-13/1440 = 0-15 
Astronomical Twilight 


beginning end 
d oh m a hm 
Interpolation to obtain local mean time: 15103" 07 15720"23 
Subtract 9" 57™ to obtain universal time: 14 17 10 15 10 26 
Add 11° to obtain clock time: 15 04 10 15521-26 


3. To find the times of moonrise and moonset for Washington, D.C. on 2009 January 9. 
Washington is at latitude N 38° 55’ (= +38°92), longitude W 77° 00’ (= W 77°00 = W508"), 
and in the winter the clocks are kept five hours behind UT. The relevant portions of the 
tabulation on page A46 and the results of the interpolation for latitude are as follows, where 
the interpolation factor is (38-92 — 35)/5 = 0-78: 


Moonrise Moonset 

+35° +40° +38°92 +35° +40° +38°92 

hy = mi h m lat hel h m h m hm 

Jan-w 9 1512 1454 14 58 O53 1, eS: 50x 905 46 

Jan. 10 16226, 96-09% 16) 13 06 34 0651 06 47 

The interpolation factor for longitude is 77-0/360 = 0-21 

Moonrise Moonset 
dame iy tin de Pheer 
Interpolate to obtain local mean time: 5 14 De05e59 


91 
Add 5" 08™ to obtain universal time: OR 0R2 9 11 07 
Subtract 5" to obtain clock time: O15 22 9 06 07 
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// // indicates continuous twilight. 


A34 NAUTICAL TWILIGHT, 2009 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
BEGINNING OF MORNING NAUTICAL TWILIGHT 
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UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
BEGINNING OF MORNING NAUTICAL TWILIGHT 
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END OF EVENING NAUTICAL TWILIGHT 
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UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
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BEGINNING OF MORNING NAUTICAL TWILIGHT 
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A38 ASTRONOMICAL TWILIGHT, 2009 


UNIVERSAL TIME FOR MERIDIAN OF GREENWICH 
BEGINNING OF MORNING ASTRONOMICAL TWILIGHT 
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indicates Moon continuously above horizon. 
wa indicates Moon continuously below horizon. 
. indicates phenomenon will occur the next day. 
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= indicates Moon continuously above horizon. 
ms indicates Moon continuously below horizon. 
. indicates phenomenon will occur the next day. 
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indicates Moon continuously above horizon. 
ma indicates Moon continuously below horizon. 
. indicates phenomenon will occur the next day. 
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indicates Moon continuously above horizon. 
m= indicates Moon continuously below horizon. 
. indicates phenomenon will occur the next day. 
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indicates Moon continuously above horizon. 


m= indicates Moon continuously below horizon. 
. indicates phenomenon will occur the next day. 
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indicates Moon continuously above horizon. 
m= indicates Moon continuously below horizon. 
. indicates phenomenon will occur the next day. 
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. indicates phenomenon will occur the next day. 
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indicates Moon continuously above horizon. 
wa indicates Moon continuously below horizon. 
. indicates phenomenon will occur the next day. 
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indicates Moon continuously above horizon. 
w= indicates Moon continuously below horizon. 
. indicates phenomenon will occur the next day. 
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. indicates phenomenon will occur the next day. 
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indicates Moon continuously above horizon. 
m= indicates Moon continuously below horizon. 
. indicates phenomenon will occur the next day. 
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m= indicates Moon continuously below horizon. 
. indicates phenomenon will occur the next day. 
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indicates Moon continuously above horizon. 


ma indicates Moon continuously below horizon. 
. indicates phenomenon will occur the next day. 
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indicates Moon continuously above horizon. 
wa indicates Moon continuously below horizon. 
. indicates phenomenon will occur the next day. 
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indicates Moon continuously above horizon. 
m= indicates Moon continuously below horizon. 
. indicates phenomenon will occur the next day. 
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indicates Moon continuously above horizon. 
ma indicates Moon continuously below horizon. 
. indicates phenomenon will occur the next day. 
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indicates Moon continuously above horizon. 
m= indicates Moon continuously below horizon. 
. indicates phenomenon will occur the next day. 
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indicates Moon continuously above horizon. 
ma indicates Moon continuously below horizon. 
. indicates phenomenon will occur the next day. 


A78 ECLIPSES, 2009 
CONTENTS OF THE ECLIPSE SECTION 
Explanatory Text 


General Informiatton 2.202 gece teonc sober dct. Soe ae ae aac dds 4 SIR gs Oo Sota A79 

Luar (Clip ses disc cee) esate eiaantten seed bee dla cathe «Rta es dd aie + old dale oA tate A82 
January 26: Annular Solar Eclipse 

CUTEUITISEAIN CES a.ceet cael cee Sue feces a vate acer agen A tree ee Se Pe ae Www, A84 

Eclipse: Maphycec S08 Meise Glin ee ee aS ae Www, A85 

Table*ot Patt of Central PiIndsert, iA... cccuecesstoue tore saeacttesevadavanet coin onesendao emp tene A86 
February 9: Penumbral [unar Eclipse vn /..on-9h1 wacdecleh t-te oe: Wy, A89 
July-7-#Penumbral Bunar Eclipses... 0.508 ye. Soe ch tote squote tenses Manes Wy, A90 
July 21-22: Total Solar Eclipse 

GAP CUIMISTATA CES A a acdsee es Lore cee ee ae te ae Wwy, A91 

CLT eM VASP oth, vocsxshidewac Soattdas detect wae sas ie ea ie tee ea pee eecas Hl ce eae Www, A92 

able of Path, OfsCentral ei ase coca: seat ac. acids eo nines Rep sige age canes cigs tae A93 
August:5-6: Benumbral, Lanar Eelipse..(w..2% tu..4%Wisidt ths aie ete Sh Way, A96 
December.3 1% Partial Lunar Bclipse:.. 2... SB ee Ie SU Wy, A97 


SUMMARY OF ECLIPSES AND TRANSITS FOR 2009 


There are two eclipses of the Sun and four of the Moon in 2009. All times are 
expressed in Universal Time using AT = +66°0. There are no transits of the Sun in 2009. 


I. An annular eclipse of the Sun, January 26. See map on page A85. The eclipse 
begins at 04? 57™ and ends at 115 01™. The maximum duration of annularity is 07™ 51°. 
It is visible from northwestern Antarctica, Australia, southern Africa, southeast Asia, and 
the Indian Ocean. 


II. A penumbral eclipse of the Moon, February 9. See map on page A89. The eclipse 
begins at 12" 37™ and ends at 165 40™. It is visible from Asia, Australia, eastern Europe, 
western North America, and the Indian and Pacific Oceans. 


Ill. A penumbral eclipse of the Moon, July 7. See map on page A90. The eclipse 
begins at 08» 33™ and ends at 10" 44™. It is visible from the Australia, the Americas, 
and the Pacific Ocean. 


IV. A total eclipse of the Sun, July 21-22. See map on page A92. The eclipse begins 
at 23 58™ on July 21 and ends at 055 12™ on July 22; maximum duration of totality is 
06™ 44%. It is visible from Asia and the western Pacific Ocean. 


V. A penumbrai eclipse of the Moon, August 5-6. See map on page A96. The eclipse 
begins at 23" 01™ on August 5 and ends at 02" 17™ on August 6. It is visible from 
western Asia, eastern North America, South America, Africa, Europe, and the Atlantic 
and Indian Oceans. 


VI. A partial eclipse of the Moon, December 31. See map on page A97. The eclipse 
begins at 18" 52™ and ends at 19" 54™. Time of maximum eclipse is 19 23™. It is 
visible from Africa, Europe, Asia, extreme western Australia, and the Indian Ocean. 


This symbol indicates that these data or auxiliary material 
W may also be found on The Astronomical Almanac Online 
at http://asa.usno.navy.mil and http://asa.hmnao.com 
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Local circumstances and animations for upcoming eclipses can be found on The As- 
tronomical Almanac Online at http://asa.hmnao.com or http://asa.usno.navy.mil. 


General Information 


The elements and circumstances are computed according to Bessel’s method from 
apparent right ascensions and declinations of the Sun and Moon. Semidiameters of the 
Sun and Moon used in the calculation of eclipses do not include irradiation. The adopted 
semidiameter of the Sun at unit distance is 15'59’’64 from the IAU (1976) Astronomical 
Constants. The apparent semidiameter of the Moon is equal to arcsin (k sin 7), where 7 
is the Moon’s horizontal parallax and k is an adopted constant. In 1982, the IAU adopted 
k, = 0.272 5076, corresponding to the mean radius of Watts’ datum as determined by 
observations of occultations and to the adopted radius of the Earth. 

Standard corrections of +05 and —025 have been applied to the longitude and 
latitude of the Moon, respectively, to help correct for the difference between center of 
figure and center of mass. 

Refraction is neglected in calculating solar and lunar eclipses. Because the circum- 
stances of eclipses are calculated for the surface of the ellipsoid, refraction is not included 
in Besselian element polynomials. For local predictions, corrections for refraction are 
unnecessary; they are required only in precise comparisons of theory with observation in 
which many other refinements are also necessary. 

All time arguments are given provisionally in Universal Time, using AT(A) = +6650. 
Once an updated value of AT is known, the data on these pages may be expressed in 
Universal Time as follows: 

Define 6T = AT — AT(A), in units of seconds of time. 

Change the times of circumstances given in preliminary Universal Time by subtract- 
ing OT. 

Correct the tabulated longitudes, (A), using A = A(A)+0.00417807 x 6T (longi- 
tudes are in degrees). 

Leave all other quantities unchanged. 

The correction of dT is included in the Besselian elements. 

Longitude is positive to the east, and negative to the west. 


Explanation of Solar Eclipse Diagram 


The solar eclipse diagrams in The Astronomical Almanac show the region over which 
different phases of each eclipse may be seen and the times at which these phases occur. 
Each diagram has a series of dashed curves that show the outline of the Moon’s penumbra 
on the Earth’s surface at one-hour intervals. Short dashes show the leading edge and long 
dashes show the trailing edge. Except for certain extreme cases, the shadow outline moves 
generally from west to east. The Moon’s shadow cone first contacts the Earth’s surface 
where “First Contact” is indicated on the diagram. “Last Contact” is where the Moon’s 
shadow cone last contacts the Earth’s surface. The path of central eclipse, whether for 
a total, annular, or annular-total eclipse, is marked by two closely spaced curves that cut 
across all of the dashed curves. These two curves mark the extent of the Moon’s umbral 
shadow on the Earth’s surface. Viewers within these boundaries will observe a total, 
annular, or annular-total eclipse and viewers outside these boundaries will see a partial 
eclipse. 

Solid curves labeled “Northern” and “Southern Limit of Eclipse” represent the furthest 
extent north or south of the Moon’s penumbra on the Earth’s surface. Viewers outside of 
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these boundaries will not experience any eclipse. When only one of these two curves 
appears, only part of the Moon’s penumbra touches the Earth; the other part is projected 
into space north or south of the Earth, and the terminator defines the other limit. 

Another set of solid curves appears on some diagrams as two teardrop shapes (or 
lobes) on either end of the eclipse path, and on other diagrams as a distorted figure 
eight. These lobes represent in time the intersection of the Moon’s penumbra with the 
Earth’s terminator as the eclipse progresses. As time elapses, the Earth’s terminator 
moves east-to-west while the Moon’s penumbra moves west-to-east. These lobes connect 
to form an elongated figure eight on a diagram when part of the Moon’s penumbra stays in 
contact with the Earth’s terminator throughout the eclipse. The lobes become two separate 
teardrop shapes when the Moon’s penumbra breaks contact with the Earth’s terminator 
during the beginning of the eclipse and reconnects with it near the end. In the east, the 
outer portion of the lobe is labeled “Eclipse begins at Sunset” and marks the first contact 
between the Moon’s penumbra and Earth’s terminator in the east. Observers on this curve 
just fail to see the eclipse. The inner part of the lobe is labeled “Eclipse ends at Sunset” 
and marks the last contact between the Moon’s penumbra and the Earth’s terminator in 
the east. Observers on this curve just see the whole eclipse. The curve bisecting this lobe 
is labeled “Maximum Eclipse at Sunset” and is part of the sunset terminator at maximum 
eclipse. Viewers in the eastern half of the lobe will see the Sun set before maximum 
eclipse; i.e. see less than half of the eclipse. Viewers in the western half of the lobe 
will see the Sun set after maximum eclipse; i.e. see more than half of the eclipse. A 
similar description holds for the western lobe except everything occurs at sunrise instead 
of sunset. 


Computing Local Circumstances for Solar Eclipses 


The solar eclipse maps show the path of the eclipse, beginning and ending times of 
the eclipse, and the region of visibility, including restrictions due to rising and setting 
of the Sun. The short-dash and long-dash lines show, respectively, the progress of the 
leading and trailing edge of the penumbra; thus, at a given location, times of first and 
last contact may be interpolated. If further precision is desired, Besselian elements can 
be utilized. 

Besselian elements characterize the geometric position of the shadow of the Moon 
relative to the Earth. The exterior tangents to the surfaces of the Sun and Moon form 
the umbral cone; the interior tangents form the penumbral cone. The common axis of 
these two cones is the axis of the shadow. To form a system of geocentric rectangular 
coordinates, the geocentric plane perpendicular to the axis of the shadow is taken as the 
xy-plane. This is called the fundamental plane. The z-axis is the intersection of the 
fundamental plane with the plane of the equator; it is positive toward the east. The y-axis 
is positive toward the north. The z-axis is parallel to the axis of the shadow and is 
positive toward the Moon. The tabular values of x and y are the coordinates, in units 
of the Earth’s equatorial radius, of the intersection of the axis of the shadow with the 
fundamental plane. The direction of the axis of the shadow is specified by the declination 
d and hour angle j of the point on the celestial sphere toward which the axis is directed. 

The radius of the umbral cone is regarded as positive for an annular eclipse and 
negative for a total eclipse. The angles f; and f2 are the angles at which the tangents 
that form the penumbral and umbral cones, respectively, intersect the axis of the shadow. 

To predict accurate local circumstances, calculate the geocentric coordinates p sin ¢’ 
and p cos ¢’ from the geodetic latitude @ and longitude , using the relationships given 
on pages K11—K12. Inclusion of the height h in this calculation is all that is necessary 
to obtain the local circumstances at high altitudes. 
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Obtain approximate times for the beginning, middle and end of the eclipse from 
the eclipse map. For each of these three times compute from the Besselian element 
polynomials, the values of x, y, sin d, cos d, jz and 1; (the radius of the penumbra on the 
fundamental plane), except that at the approximate time of the middle of the eclipse [2 
(the radius of the umbra on the fundamental plane) is required instead of 1, if the eclipse 
is central (i.e., total, annular or annular-total). The hourly variations 2’, y/ of x and y are 
needed, and may be obtained by evaluating the derivative of the polynomial expressions 
for x and y. Values of yu’, d’, tanf, and tanf2 are nearly constant throughout the eclipse 
and are given immediately following the Besselian polynomials. 

For each of the three approximate times, calculate the coordinates €, 7, ¢ for the 
observer and the hourly variations €’ and 7)’ from 


& = pcos ¢'sing, 
n =  psind’ cosd— pcos ¢'sindcos8@, 
¢ = psind’sind+ pcos¢’ cosdcos8, 
Ely =) a! peos'd!.cosé, 
ny = wé&sind—Cd’, 
where 
Ce a 


for longitudes measured positive towards the east. 
Next, calculate 


u=a2-—€ (VI ae eee 
ee a Ue Uae Ih 
m2 =u? +0? n=u?+y? (m,n > 0) 
L; = l; — Ctanf; 
D=uu' + vv’ 
A = +(uv' — u'v) 
. A 
sin = F- 


where 7 = 1, 2. 

At the approximate times of the beginning and end of the eclipse, L, is required. At 
the approximate time of the middle of the eclipse, L2 is required if the eclipse is central; 
Ly, is required if the eclipse is partial. 

Neglecting the variation of L, the correction T to be applied to the approximate time 
of the middle of the eclipse to obtain the Universal Time of greatest phase is 

D 
T= Be 5 
which may be expressed in minutes by multiplying by 60. The correction 7 to be applied 
to the approximate times of the beginning and end of the eclipse to obtain the Universal 
Times of the penumbral contacts is 


i D 


T = = COSY >">, 
n n 


which may be expressed in minutes by multiplying by 60. 
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If the eclipse is central, use the approximate time for the middle of the eclipse as 
a first approximation to the times of umbral contact. The correction 7 to be applied to 
obtain the Universal Times of the umbral contacts is 


L2 D 
COs 
n n 


which may be expressed in minutes by multiplying by 60. 

In the last two equations, the ambiguity in the quadrant of ~ is removed by noting 
that cos 7 must be negative for the beginning of the eclipse, for the beginning of the 
annular phase, or for the end of the total phase; cos ~ must be positive for the end of the 
eclipse, the end of the annular phase, or the beginning of the total phase. 

For greater accuracy, the times resulting from the calculation outlined above should 
be used in place of the original approximate times, and the entire procedure repeated at 
least once. The calculations for each of the contact times and the time of greatest phase 
should be performed separately. 

The magnitude of greatest partial eclipse, in units of the solar diameter is 


Iy—-—m™ 


i= 
AY (Dili FiO: 5459)e) 


where the value of m at the time of greatest phase is used. If the magnitude is negative 
at the time of greatest phase, no eclipse is visible from the location. 
The magnitude of the central phase, in the same units is 


Ly —L2 


Mg =. 
: (LZ; + L2) 


The position angle of a point of contact measured eastward (counterclockwise) from 
the north point of the solar limb is given by 


Cai a es 
v 
where u and v are evaluated at the times of contacts computed in the final approximation. 
The quadrant of P is determined by noting that sin P has the algebraic sign of u, except 
for the contacts of the total phase, for which sin P has the opposite sign to w. 
The position angle of the point of contact measured eastward from the vertex of the 

solar limb is given by 

VY 2R—C, 


where C, the parallactic angle, is obtained with sufficient accuracy from 
tanC = ce 
Uf] 


with sin C’ having the same algebraic sign as €, and the results of the final approximation 
again being used. The vertex point of the solar limb lies on a great circle arc drawn from 
the zenith to the center of the solar disk. 


Lunar Eclipses 


A calculator to produce local circumstances of recent and upcoming lunar eclipses is 
provided at http://aa.usno.navy.mil/data/docs/LunarEclipse.html. “wy 
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In calculating lunar eclipses the radius of the geocentric shadow of the Earth is in- 
creased by one-fiftieth part to allow for the effect of the atmosphere. Refraction is ne- 
glected in calculating solar and lunar eclipses. Standard corrections of +0/.5 and —0/.25 
have been applied to the longitude and latitude of the Moon, respectively, to help correct 
for the difference between center of figure and center of mass. 


Explanation of Lunar Eclipse Diagram 


Information on lunar eclipses is presented in the form of a diagram consisting of two 
parts. The upper panel shows the path of the Moon relative to the penumbral and umbral 
shadows of the Earth. The lower panel shows the visibility of the eclipse from the surface 
of the Earth. The title of the upper panel includes the type of eclipse, its place in the 
sequence of eclipses for the year and the Greenwich calendar date of the eclipse. The 
inner darker circle is the umbral shadow of the Earth and the outer lighter circle is that 
of the penumbra. The axis of the shadow of the Earth is denoted by (+) with the ecliptic 
shown for reference purposes. A 30-arcminute scale bar is provided on the right hand 
side of the diagram and the orientation is given by the cardinal points displayed on the 
small graphic on the left hand side of the diagram. The position angle (PA) is measured 
from North point of the lunar disk along the limb of the Moon to the point of contact. It 
is shown on the graphic by the use of an arc extending anti-clockwise (eastwards) from 
North terminated with an arrow head. 

Moon symbols are plotted at the principal phases of the eclipse to show its position 
relative to the umbral and penumbral shadows. The UT times of the different phases of the 
eclipse to the nearest tenth of a minute are printed above or below the Moon symbols as 
appropriate. Pl and P4 are the first and last external contacts of the penumbra respectively 
and denote the beginning and end of the penumbral eclipse respectively. Ul and U4 are 
the first and last external contacts of the umbra denoting the beginning and end of the 
partial phase of the eclipse respectively. U2 and U3 are the first and last internal contacts 
of the umbra and denote the beginning and end of the total phase respectively. MID is the 
middle of the eclipse. The position angle is given for Pl and P4 for penumbral eclipses 
and U1 and U4 for partial and total eclipses. The UT time of the geocentric opposition 
in right ascension of the Sun and Moon and the magnitude of the eclipse are given above 
or below the Moon symbols as appropriate. 

The lower panel is a cylindrical equidistant map projection showing the Earth centered 
on the longitude at which the Moon is in the zenith at the middle of the eclipse. The 
visibility of the eclipse is displayed by plotting the Moon rise/set terminator for the 
principal phases of the eclipse for which timing information is provided in the upper 
panel. The terminator for the middle of the eclipse is not plotted for the sake of clarity. 

The unshaded area indicates the region of the Earth from which all the eclipse is 
visible whereas the darkest shading indicates the area from which the eclipse is invisible. 
The different shades of gray indicate regions where the Moon is either rising or setting 
during the principal phases of the eclipse. The Moon is rising on the left hand side of the 
diagram after the eclipse has started and is setting on the right hand side of the diagram 
before the eclipse ends. Labels are provided to this effect. 

Symbols are plotted showing the locations for which the Moon is in the zenith at the 
principal phases of the eclipse. The points at which the Moon is in the zenith at P1 and 
P4 are denoted by (+), at Ul and U4 by (©) and at U2 and U3 by (#). These symbols 
are also plotted on the upper panel where appropriate. The value of AT’ used for the 
calculation of the eclipse circumstances is given below the diagram. Country boundaries 
are also provided to assist the user in determining the visibility of the eclipse at a particular 
location. 
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I. Annular Eclipse of the Sun, 2009 January 26 


CIRCUMSTANCES OF THE ECLIPSE 


UT of geocentric conjunction in right ascension, January 26° 7" 46™ 225966 
Julian Date = 2454857.8238769160 


UT Longitude Latitude 

d h m ° , ° , 
Eclipse begins Januaty 26 4:56.64 8 13:5, —28 54.7 
Beginning of northern limit of umbra 26 6045 —-— 10445 —33 10.0 
Beginning of center line; central eclipse begins 26 605.8 -— 1146.0 —-—34 33.4 
Beginning of southern limit of umbra DOR mOLOI2. ale S028 S— 35) 5-3 
Central Eclipse at Local Apparent Noon 26. ~ 1464 5566 32.5 3—36 21-0 
End of southern limit of umbra 26 950.2 +12448.7 + 2 16.3 
End of center line; central eclipse ends 262 ©9 S64 IDB 96m+ 3 42:0 
End of northern limit of umbra QOn HOTS ZO PES) ip 5S 06.9 
Eclipse ends 26), sUlOON aa L044 Set 9 28:4 


BESSELIAN ELEMENTS 


Let ¢ = (UT-5") + 67/3600 in units of hours. 


These equations are valid over the range —0°125 < t < 6183. Do not use ¢ outside the given 
range, and do not omit any terms in the series. 


Intersection of axis of shadow with fundamental plane: 
% —1.32623014 + 0.47826200 ¢ + 0.00001351 #7 — 0.00000545 # 
y —0.78836210 + 0.17550153 ¢ + 0.00014483 2 —-— 0.00000216 


Direction of axis of shadow: 
sin d = —0.32025116 + 0.00016731 ¢ + 0.00000007 
cos d = +0.94733268 + 0.00005655 ¢t + 0.00000001 7 
tu = 251°86537264 + 14.99900078 t + 0.00000275 # — 0.00417807 5T 


Radius of shadow on fundamental plane: : 
penumbra (/,) = +0.57204888 — 0.00000940 ¢ — 0.00001010 
umbra (/,) = +0.02553522 — 0.00000941 t — 0.00001003 


tan f, = +0.004750 

tan f, = +0.004726 
uw = +0.261782 radians per hour 
d’ = +0.000177 radians per hour 
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PATH OF CENTRAL PHASE: ANNULAR SOLAR ECLIPSE OF JANUARY 26 


For limits, see Circumstances of the Eclipse 


Latitude of: 


Universal Time at: 


On Central Line 


Longitude Northern Central Southern Northern Central Southern Maximum Sun’s 
Limit Line Limit Limit Line Limit Duration Alt. Az. 
Ona, ° , ° , fo) , jy Gast s h. im s h m s m Ss ° ° 
— 700] -34 26.8 -—36 10.0 —3753.5/60449.1 60609.8 607374) 5475 4 110 
— 600] -34 47.2 -—3629.5 -—38 12.4}60455.4 606194 607483) 5 49.1 5 109 
= 5/00 =351074, =36r4910" —38 3103" 6.05 02:5 46.06 29.06°07 592) 5 S50'6 6. 109 
= A035 7a —37 0810) 38:49) 716 O5m13.8 567 06.4 IL SOLO Sel) 94) Sas 2-2 7 08 
=) SOON sor4 Gal, 3772616 39.07 ENO 0528-9 O06 567 §O 08 2808S 53-71 es LOS 
— 200]|-3605.0 —3744.9 -—3925.4|605 44.9 607135 608464] 5554 9 107 
1100!) =3623) =38 02:8. 9 — 39142-76106 02:951607.32.2 36 09 05,6) S570 9110 106 
0 00 | —36 41.7 —38 20.4 -39 59.7 | 6 06 22.6 607526 609266) 558.7 11 106 
+ 100]-3659.5 —38 37.7 —40 16.3 | 6 06 44.3 608 14.8 609493}; 6003 11 105 
+ 200|]-3717.0 -—3854.6 -—40 32.6 | 607 07.8 608 38.8 61013.7} 602.0 12 104 
+ 300! --3734.1 -39 11.1 -—40 48.5 | 6 07 33.3 609046 610398} 603.7 13 103 
+ 400) -3750.9 -—3927.2 -—4103.9|608 00.6 6 0932.2 611076] 605.5 14 103 
+ 500] -3807.2 -3942.9 —41 19.0|608 29.8 610016 611370] 6907.2 15 102 
+ 600] —38 23.2 -—3958.2 -—41 33.7|60900.9 6 1032.8 612082) 609.0 16 101 
+ 700] -—38 38.7 -—4013.1 -—41 48.0} 609 33.8 6 1105.7 61241.0} 610.8 17 100 
+ 800] -38 53.8 -—40 27.6 —4201.9|61008.7 611405 613155} 612.6 18 100 
+ 900|-3908.5 -4041.7 -—42153|)610454 61217.0 613517} 6145 19 99 
+ 1000] —39 22.8 -4055.3 —42 28.3)611240 612552 614295] 6163 20 98 
+ 1100] -—39 36.6 —41 08.5 -4240.9/61204.5 613353 615090} 6182 20 97 
+ 1200] -3949.9 —41 21.2 -—4253.0|612 468 61417.0 615502] 620.1 21 97 
+ 13 00 | —40 02.8 -—41 33.5 —43 04.6/6 1331.1 615006 61632.9| 622.0 22 96 
+ 1400|-4015.22 -—41 45.3 -—43 15.8)}61417.1 61545.9 617173] 623.9 23 95 
+ 15 00 | —40 27.1 -—41 56.6 —43 26.5/61505.1 6 1632.9 618034] 625.8 24 94 
+ 1600 | —40 38.6 —4207.4 -—43 36.8|6 1554.9 61721.7 61851.1| 627.8 25 93 
+ 1700] -4049.5 -—4217.8 -—43 46.5|61646.6 61812.2 619404] 629.7 26 92 
+ 18 00 | —4059.9 —42 27.6 —43 55.8|617 40.2 619045 620314] 631.7 27 91 
+ 1900 | —-41 09.9 -—42 37.0 —4404.6|6 1835.6 619586 621240] 633.7 28 90 
+ 2000] -41 19.3 —42 45.8 -4412.8)61932.9 620544 622182] 635.7 29 90 
+ 21 00 | —41 28.1 -—42 54.1 -—44 20.6 | 6 20 32.2 6 2152.0 623 14.1 o3s#7 BO) 89 
+ 22 00 | —41 36.4 -—4301.9 —44 27.8] 6 21 33.3 622513 624116| 639.8 30 88 
+ 23 00 | —41 44.2 -—43 09.1 —44 34.6 | 6 22 36.3 6 2352.4 625108] 641.8 31 87 
+ 2400]-4151.4 -43 15.8 -—44 40.7 | 623 41.2 624553 626116| 643.8 32 86 
+ 25 00 | —41 58.1 -43 22.0 —44 46.4 | 6 2448.0 6 2600.0 627141] 645.9 33 8&5 
+ 26 00 | —42 04.1 -—43 27.5 -—4451.5 | 625 56.8 627065 628183] 648.0 34 84 
+ 2700 | —42 09.6 —43 32.6 —4456.0|6 2707.6 628149 629242] 650.0 35 83 
+ 28 00) —42 14.5 —43 37.0 -—45 00.0} 6 28 20.3 629251 6 3031.8} 652.1 36 82 
+ 29 00 | —42 18.8 -—43 40.8 —45 03.4] 6 29 35.0 6 3037.1 631412} 6542 37 81 
+ 30 00) —42 22.4 -43 44.1 -—45 06.3 |} 63051.8 6 3151.0 632523] 6563 38 80 
+ 31 00 | —42 25.5 -—43 46.7 —45 08.5 |632 10.6 6 3306.9 6 3405.2) 6583 39 79 
+ 32 00 | —42 27.9 —43 48.7 -—45 10.1] 633 31.4 634246 635199} 7004 40 77 
+ 33 00 | —42 29.6 —4350.1 -—45 1121634544 635444 636364| 702.5 41 £76 
+ 34 00 | —42 30.7 —4350.8 -—45 11.6] 63619.5 6 3706.1 637548) 7046 41 75 
+ 35.00 | —42 31.1 —4350.9 —45 11.4637 46.8. 6 38 29.9 639 15.1 | #7 06.7— 42 74 
+ 36.00 | —42 30.8 —43 50:3 —45 10.5)| 6 39 164 *6 3955.7 6 4037.4) 7088 43 £473 
+ 3700] —42 29.8 —43 49.1 —45 09.0|6 4048.1 641 23.7 642016] 7108 44 72 
+ 38 00 | —42 28.1 —43 47.1 -—45 06.9 | 6 42 22.2 6 4253.8 64327.8| 712.9 45 70 
+ 39 00 | —42 25.6 —43 44.5 —45 04.0| 643 58.7 6 4426.1 644560] 7149 46 69 
+ 40 00 | —42 22.4 —43 41.1 -—45 00.5 | 6 45 37.6 6 4600.7 646264] 716.9 47 68 
+ 41 00] -—42 18.5 -43 37.0 —44 56.2 |64718.9 64737.6 64759.0| 719.0 48 66 
+ 42 00 | —42 13.7 —43 32.1 -—4451.2|64902.8 649169 649 33.8] 720.9 49 65 
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On Central Line 
Maximum Sun’s 


Latitude of: Universal Time at: 
Longitude Northern Central Southern Northern Central Southern 
Duration Alt. Az. 


Limit Line Limit Limit Line Limit 


43 00 | —42 08.1 -43 26.5 -44 45.5 
44 00 | —42 01.7 -43 20.0 -—44 39.0 
45 00 | —41 54.5 -—43 12.8 -44 31.7 
46 00 | —41 46.4 -4304.7 -44 23.6 
47 00 | —41 37.3. -4255.7 —44 14.8 


48 00 | —41 27.4 -4245.9 -—44 05.0 
49 00 | —41 16.5 -—42 35.1 -43 54.4 
50 00 | —41 04.6 -—42 23.4 -43 42.9 
51 00 | —40 51.7 -—42 10.7 —43 30.5 
32 00 | —40 37.7 =41'57.1 —4317.1 


53 00 | —40 22.7 —41 42.4 -43 02.7 
54 00 | —40 06.5 —41 26.6 —42 47.3 
55 00 | -39 49.2 -—4109.7 —42 30.9 
5600 | =39 30.7 *=4095 1-7 1—425133 
57 00 | -39 10.9 -—4032.5 —41 54.7 


58 00 | —38 49.8 -—4012.1 -—41 34.9 
5900 | =38 27.4 9=39'504 “=41139 
60 00 | —38 03.6 —3927.4 -—40 51.6 
61 00 | —37 38.4 —3903.0 —40 28.0 
62 100))| =37 11-7 8387-2 “=4010341 


63 00 | —36 43.4 —38 10.0 —39 36.8 
64 00) =36 136 e=3 71412 391098 
6510053542) B= 37 LOO) 3 8s390 
66100) =3508.9 53613910) F2381092 
67 00 | —34 34.0 —3605.4 —37 36.9 
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PATH OF CENTRAL PHASE: ANNULAR SOLAR ECLIPSE OF JANUARY 26 
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For limits, see Circumstances of the Eclipse 
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II. - Penumbral Eclipse of the Moon 2009 February 09 
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III. - Penumbral Eclipse of the Moon 2009 July 07 
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IV. —Total Eclipse of the Sun, 2009 July 21-22 


CIRCUMSTANCES OF THE ECLIPSE 
UT of geocentric conjunction in right ascension, July 22? 2" 33™ 08728 
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End of northern limit of umbra 
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BESSELIAN ELEMENTS 
Let ¢ = (UT-24") + 87/3600 in units of hours. For times on 22 July, add 24" to the 


UT before computing t. 
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These equations are valid over the range —0"125 < ¢ < 5"375. Do not use ¢ outside the 
given range, and do not omit any terms in the series. 


Intersection of axis of shadow with fundamental plane: 
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Direction of axis of shadow: 
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TOTAL SOLAR ECLIPSE OF 2009 JULY 21-22 
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ECLIPSES, 2009 
PATH OF CENTRAL PHASE: TOTAL SOLAR ECLIPSE OF JULY 21-22 


For limits, see Circumstances of the Eclipse 
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ECLIPSES, | 2009 
PATH OF CENTRAL PHASE: TOTAL SOLAR ECLIPSE OF JULY 21-22 
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PATH OF CENTRAL PHASE: TOTAL SOLAR ECLIPSE OF JULY 21-22 


Latitude of: Universal Time at: On Central Line 

Longitude Northern Central Southern Northern Central Southern Maximum Sun’s 
Limit Line Limit Limit Line Limit Duration Alt. Az. 
OZ ° p ° , ° , h m s h m s bm Ss m s ° ° 
I OO se 2 S533) a6 i Siler ss Ok | Say Ay 3 SO veel Alay sys) || AA il Bley ogy 
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=163 00 || = ©2487 SOA 7/2 SM SOO (4ANG AG A Be 2h ily AOL || 3) Bal 6 292 
= 162 OO | 1008.8 =i 12 SID IAGIANO SHG 4217252 AN S00) SAN Ss wy 


For limits, see Circumstances of the Eclipse 
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V. - Penumbral Eclipse of the Moon 2009 August 05-06 
UT of geocentric opposition in RA: August 6° 1" 44™ 563077 Penumbral magnitude of the eclipse: 0.428 
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VI. - Partial Eclipse of the Moon 2009 December 31 
UT of geocentric opposition in RA: December 31° 19" 4™ 465055 Umbral magnitude of the eclipse: 0.082 
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B2 TIME-SCALES AND COORDINATE SYSTEMS, 2009 


Introduction 


The tables and formulae in this section are produced in accordance with the recommendations 
of the International Astronomical Union at its General Assemblies up to and including 2006. 
They are intended for use with relativistic coordinate time-scales, the International Celestial 
Reference System (ICRS), the Geocentric Celestial Reference System (GCRS) and the standard 
epoch of J2000-0. 


Because of its consistency with previous reference systems, implementation of the ICRS 
will be transparent to any applications with accuracy requirements of no better than 01 near 
epoch J2000-0. At this level of accuracy the distinctions between the International Celestial 
Reference Frame, FK5, and dynamical equator and equinox of J2000-0 are not significant. 


Procedures are given to calculate both intermediate and apparent right ascension, declination 
and hour angle of planetary and stellar objects which are referred to the ICRS, e.g. the JPL 
DE405/LE405 Planetary and Lunar Ephemerides or the Hipparcos star catalogue. These 
procedures include the effects of the differences between time-scales, light-time and the 
relativistic effects of light deflection, parallax and aberration, and the rotations, i.e. frame bias 
and precession-nutation, to give the “of date” system. 


In particular, the rotations from the GCRS to the Terrestrial Intermediate Reference System 
are illustrated using both equinox-based and CIO-based techniques. Both these techniques 
require the position of the Celestial Intermediate Pole and involve the angles for frame bias 
and precession-nutation, whether applied individually or amalgamated, directly or indirectly. 
These angles, together with their appropriate rotations and the relationships between them, are 
given in this section. 


The equinox-based and ClO-based techniques only differ in the location of the origin for 
right ascension, and thus whether Greenwich apparent sidereal time or Earth rotation angle, 
respectively, is used to calculate hour angle. Equinox-based techniques use the equinox as 
the origin for right ascension and the system is usually labelled the true equator and equinox 
of date. ClO-based techniques use the celestial intermediate origin (CIO) and the system 
is labelled the Celestial Intermediate Reference System. The term “Intermediate” is used to 
signify that it is the system “between” the the GCRS and the International Terrestrial Reference 
System. It must be emphasized that the equator of date is the celestial intermediate equator, 
and that hour angle is independent of the origin of right ascension. However, it is essentiai 
that hour angle is calculated consistently within the system being used. 


In particular, this section includes the long-standing daily tabulations of the nutation angles, 
Ay and Ae, the true obliquity of the ecliptic, Greenwich mean and apparent sidereal time 
and the equation of the equinoxes, as well as the new parameters that define the Celestial 
Intermediate Reference System, X, Y, s, the Earth rotation angle and equation of the origins. 
Also tabulated daily are the matrices, both equinox and CIO based, for reduction from the 
GCRS, together with various useful formulae. 


The 2006 IAU General Assembly adopted various resolutions, including the recommenda- 
tions of the Working Group on Precession and the Ecliptic (WGPE), which in this section 
are designated IAU 2006. The WGPE report includes not only updated precession angles, but 
also Greenwich mean sidereal time and other related quantities. It should be noted that the 
IAU 2006 precession parameters are to be used with the [AU 2000A nutation series. However, 
the published papers indicate that for the highest precision, adjustments are required to the 
nutation in longitude and obliquity (see page B55). These adjustments are included in the 
fourth release of the [AU SOFA code which is used throughout this section. 


The IAU SOFA code is available from the IAU Standards Of Fundamental Astronomy 
(SOFA) web site and contains code for all the fundamental quantities related to various systems 
(e.g., [AU 2006, [AU 2000). The [AU 2000 definitions may be found in the International Earth 
Rotation and Reference System Service, JERS Conventions 2003, Technical Note 32. 
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Introduction (continued) 


The IAU 2000/2006 definitions involving the relationship between universal time and sidereal 
time contain both universal and dynamical time scales, and thus require knowledge of AT. 
However, accurate values of AT (see page K9) are only available in retrospect via analysis of 
observations from the IERS (see AsA Online). Therefore tables in this section adopt the most 
ee value at the time of production, and the value used, and the errors, are clearly stated in 
the text. 


A detailed explanation and implementation of the [AU Resolutions on Astronomical Refer- 
ence Systems, Time Scales, and Earth Rotation Models is published in USNO Circular 179 
(2005), which is available via AsA Online. Background information about time-scales and 
coordinate reference systems recommended by the IAU and adopted in this almanac, and about 
the changes in the procedures, are given in Section L, Notes and References and in Section 
M, Glossary. 


Julian date 


A Julian date (JD) may be associated with any time scale (see page B6). A tabulation of 
Julian date (JD) at 0" UT1 against calendar date is given with the ephemeris of universal and 
sidereal times on pages B13—B20. Similarly, pages B21—B24 tabulate the UT1 Julian date 
together with the Earth rotation angle. The following relationship holds during 2009: 


UT1 Julian date = JDyz; = 245 4831-5 + day of year + fraction of day from 0° UTI 
TT Julian date = JDr7 = 245 4831-5 +d + fraction of day from 0" TT 


where the day of the year (d) for the current year of the Gregorian calendar is given on pages 
B4-BS. The following table gives the Julian dates at day 0 of each month of 2009: 


oh Julian Date oh Julian Date oh Julian Date 
Jan. 0 245 4831-5 May 0 245 4951-5 Sept. 0 245 5074-5 
Feb. 0 245 4862-5 June 0 245 4982-5 Oct. 0 245 5104-5 
Mar.O 245 4890-5 July O 24550125 Nov. 0 245 5135-5 
Apr.O 245 4921-5 Aug. 0 2455043-5 Dec. 0 245 5165-5 


Tabulations of Julian date against calendar date for other years are given on pages K2—K4. 
Other relevant dates are: 


A date may also be expressed in years as a Julian epoch, or for some purposes as a Besselian 
epoch, using: 
Julian epoch = J[2000-0 + (JDrr — 245 1545-0)/365-25] 
Besselian epoch = B[1900-0 + (SDrr — 241 5020-313 52)/365-242 198 781] 


the prefixes J and B may be omitted only where the context, or precision, make them 
superfluous. 
400-day date, JD 245 5200-5 = 2010 January 4-0 
Standard epoch B1900-0 = 1899 Dec. 31-813 52 = JD 241 5020-313 52 TT 
B1950-0 = 1950 Jan. 0-923 = JD 243 3282-423 TT 
B2009-0 = 2009 Jan. 0-213 TT = JD 245 4831-713 TT 


Standard epoch J2000-0 = 2000 Jan. 1:5TT =JD 245 1545.0 TT 
J2009-5 = 2009 July 2-375 TT = JD 245 5014-875 TT 


For epochs B1900-0 and B1950-0 the TT time scale is used proleptically. 


The modified Julian date (MJD) is the Julian date minus 240 0000-5 and in 2009 is given 
by: MJD = 54831-0 + day of year + fraction of day from 0" in the time scale being used. 


B4 CALENDAR, 2009 
JANUARY FEBRUARY MARCH APRIL MAY JUNE 

Day Day Day Day Day Day Day Day Day Day Day Day Day 

of Ofmanot ofe ot Ofjy Hof Of nor of of Ofees 2OF 
Month Week Year Week Year Week Year Week Year Week Year Week Year 

ieee Thu 1 Suny *932 Sun. 60 Wed. 91 Per. P12 Mon. 152 
Die Fu. 2 Mon. 33 Mon. 61 Thu. 92 Sat. 122 cue? 153 
Seat: 3 Tue. 34 Tue. 62 Fri. 93 Sun, 123 Wed. 154 
4 Sun. 4 Wed. 35 Wed. 63 Sat. 94 Mon. 124 Tne LoS 
S Mon Tha 36 Thu. 64 Sun. 95 Cs ge bide Fre 156 
6 ~=Tue. 6 Fri. 37 Fri. 65 Mon. 96 Wed. 126 Sat.1ci 57. 
7 tyne Wedanr ies, Satin3s Sat] ,.:66 Teen D7. Thu. 127 Sun. 158 
S$» ,, Thu: 8 Sun. 39. Suns, 67 Wed. 98 Pfing: £25 Mon. 159 
9 Fri: 9 Mon. 40 Mon. 68 Thu. 99 Sat. 129 Tue. 160 

10° Sate, 0 Tue. 41 Tue." "69 Fri. 100 Sun!" 130 Wed. 161 

119, Susie ll Wed. 42 Wed. 70 Satzes 101 Mon. 131 Thu. 162 

ips Wilken, Thu. 43 Thine 71 Sun. 102 Tue. 132 Fre *'1'63 

Tales = 4l3 Fri. 44 Eras, tase! 2 Mon. 103 Wed. 133 Sat. 164 

14 Wed. 14 Sat. 45 Sata. 212 Tue. 104 Thu. 134 Sun. 165 

T5yae Wu wel Sun. 46 Sun. 74 Wed. 105 Bri 35 Mon. 166 

16—=s Fm. 16 Mon. 47 Mon. 75 Thu. 106 Sat. 136 Tue. 167 

V7. Sat. ly Tue. 48 ‘les ano Ei lO? Sun. 137 Wed. 168 

18 «Suns 18 Wed. 49 Wed. 77 Sat. 108 Mon. 138 Thu. 169 

19 Mon. 19 Thu.,, .50 Thu. 78 Sun. 109 Tue. «149 Fri. 170 

20 Tue. 20 Fri. 51 Fri. 79 Mon. 110 Wed. 140 Sats 71 

2) 6Wedz (21 Sab oe Sat. 80 Tne Let Thu. 141 Sun. 172 

Ze) EA, SUG. 33 Sun. 81 Wed. 112 Fri 142 Mon. 173 

20 “Fees Mon. 54 Mon. 82 hea: “ts Sat. 143 Tue. 174 

24° Sat. -.24 Tue oS TUCts Oo Fri. 114 Sun. 144 Wed. 175 

ZO SUi ey Wed. 56 Wed. 84 Sat. 145 Mon. 145 Thu. 176 

26 Mon. 26 Thu! 057, Thu.9 85 Sun. 116 Tue. 146 Evo sel dl 

2) oe LUC LG Fri... 29698 Per ~=86 Mon. 117 Wed. 147 Sat. 178 

28 Wed. 28 Sat, 59 Oat eo Tue. 118 Thu. 148 Sun. 179 

29° * Thu. °/29 Sun. 88 Wed. 119 Fri. 149 Mon. 180 

30 = Fri. = 30 Mon. 89 Thu. 120 Sat. 150 Tue. 181 

3" Sat St Tues" "90 Sun. 151 

CHRONOLOGICAL CYCLES AND ERAS 
Dominical Letter Pa tone DD sian PenOdnyear- Ol) scant Sa 6722 
Epact, URS t re ere eet eee aa ee 3. Roman Indiction petit ba sour 2 
Golden Number (LiiarCycleyeY".). 7 Xvi "Solar Cycle mee: Ue te, Oe Hee 2 
All dates are given in terms of the Gregorian calendar in which 
2009 January 14 corresponds to 2009 January 1 of the Julian calendar. 

ERA YEAR BEGINS ERA YEAR BEGINS 
Byzantine: biu. isda Vals, Septii4d alapaneses (Goes. 2669 Jan. 1 
Jewish (A.M.)* ... ... 5770 Sept. 18 Grecian (Seleucide) ... 2321 Sept. 14 
Chinese (Ji-chou) (4646 ) Jan. 26 (or Oct. 14) 
Romani (AGUi@s ieee 21 Oe Japon © NOran Saka) ae ee ee 1931 Mar. 22 
Nabonassar ...... «.. 0 ‘ia 2ipeeApr mel: o Diocletian UOC Y Te) isk. 1726 Sept. 11 

Islamic (Hegira)* 1431. Deco 7 


* Year begins at sunset 
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JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER 
Day Day Day Day Day Day Day Day Day Day Day Day Day 
of Of Of OlmeeOf of of Ofimok Olen OF Ofminot 


Month Week Year Week Year Week Year Week Year Week Year Week Year 


1 Wed. 182 Sate cis Tue. 244 Thus,274 Sun. 305 Tuer 335 
74 Thu. 183 Sun. 214 Wed. 245 Prive 2/5 Mon. 306 Wed. 336 
3 lehak, Ursa Mon. 215 Thu. 246 Sat. 276 Tue. 307 Thu. 337 
4 Sat. 185 Tue. 216 Brie 6247) Sun’ 277 Wed. 308 Iba. | Sehe 
5 Sun. 186 Wed. 217 Sat. 248 Mon. 278 Thu. 309 Sat. 339 
6 
7 
8 


Mon. 187 Thu. 218 Sun. 249 Tue. 279 Fri. 310 Sun. 340 
Tue. 188 Fri. 219 Mon. 250 Wed. 280 Sat. <311 Mon. 341 
Wed. 189 Sat. 220 ‘Thue, » DSyIl Thu. 281 Suny SH, ANY, BD 
9 Thu. 190 Sun. 221 Wed. 252 RiieoD Mon. 313 Wed. 343 
10 Fri. 191 Mon. 222 ihuse253 Sate 283 Tue. 314 Thu. 344 


11 Sat. 192 Tue, 223 Friier 254 Sun. 284 Wed. 315 Fri. 345 
12 Sun. 193 Wed. 224 Sat. 255 Mon. 285 Thu. 316 Sat. 346 
13 Mon. 194 hus 2225 Sun. 256 Tue. 286 lsat, sila Sun. 347 
14 Tue. 195 Brigee226 Mon. 257 Wed. 287 Sata Mon. 348 
15 Wed. 196 Seige QDi/ Tue, 258 Thu. 288 Sun. 319 Tue. 349 


16 =Thu. 197 Sun. 228 Wed. 259 Fav’ 289 Mon. 320 Wed. 350 
17) bree: 198 Mon. 229 Thu. 260 Sat. 290 Tue: /321 Thu. 351 
16) @ Sate 199 Tue. 230 Foe 201 Sun. 291 Wed. 322 Brie’ 352 
19 ‘Sun. 7200 Wed. 231 Sat. 262 Mon. 292 Thus 325 Sat. 353 
20 Mon. 201 iNiliko bey. Sun. 263 Tue42293 1a ie P22 Sun. 354 


21 Tue. 202 Fri. 233 Mon. 264 Wed. 294 Sath i325 Mon. 355 
pp) Wed. 203 Sats ae2o4: Tue. 265 Thu. 295 Sun. 326 Tue. 356 
23 Thu. 204 Sun. 235 Wed. 266 Fri. 296 Mon. 327 Wed. 357 
24 Prive 205 Mon. 236 Thu. 267 Sat. 297 Tue.~ 328 THe, SSk 
25 Sat. 206 Tue. 237 Fri. 268 Sun. 298 Wed. 329 Eriy 359 


26 Sun. 207 Wed. 238 Sat. 269 Mon. 299 Thu. 330 Sat. 360 
?4Tf Mon. 208 Thu. 239 Sunme270 Tue. 300 Erie 233 Sun. 361 
28 Tue. 209 Fri. 240 Mon. 271 Wed. 301 Sataies32 Mon. 362 
29 Wed. 210 Sataew24i Tue. 272 Thu. 302 Sun. 333 Tue. 363 
30 ‘Wet, iil Sun. 242 Wed. 273 Fri. 303 Mon. 334 Wed. 364 


Shiwickrsen212 Mon. 243 Sat. 304 Thu. 365 
RELIGIOUS CALENDARS 
Epiphdnyie some om cielaly, OAscensiOn Day) Cato et cs. Nay ool 
Ash Wednesday suri. 2f. 0 at Feb. 25 Whit Sunday—Pentecost em, May 31 
Palm Sunday PU MCE oe ADT MRO MIUTILICV SUNOS elidel wee Os 9c), 
Good Friday bin tease ook ADE. LOF SPirstiSuntiay inradventeteal & 5. Nov. 29 
Easter Day ... ... .So¥¥vr) fe) Apr? * ChistmassDay"(@riday)y” 3.470 Dee. 25 
First Day of Passover (Pesach) Apr. 9 Day of Atonement (Yom Kippur) Sept. 28 
Feast of Weeks (Shavuot) .... May 29 First day of Tabernacles (Succoth) Oct. 3 
Jewish New Year (tabular) Festival of Lights (Hanukkah) Deca 2) 
(Rosh Hashanah) ... ... ... Sep alg 
First day of Ramadan (tabular) Augt 22 talslamicNew Year s)ide. 02 5). sis Decirrh8 


The Jewish and Islamic dates above are tabular dates, which begin at sunset on the previous 
evening and end at sunset on the date tabulated. In practice, the dates of Islamic fasts and 
festivals are determined by an actual sighting of the appropriate new moon. 
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Notation for time-scales and related quantities 


A summary of the notation for time-scales and related quantities used in this Almanac is 
given below. Additional information is given in the Glossary (section M and AsA-Online) and 
in the Notes and References (section L). 


UTI universal time (also UT); counted from 0" (midnight); unit is second of mean 
solar time, affected by irregularities in the Earth’s rate of rotation. 
UTO local approximation to universal time; not corrected for polar motion (rarely used). 


GMST Greenwich mean sidereal time; GHA of mean equinox of date. 
GAST Greenwich apparent sidereal time; GHA of true equinox of date. 


Ee Equation of the equinoxes: GAST — GMST. 

EG Equation of the origins: ERA — GAST = 6 — GAST. 

ERA Earth rotation angle (@); the angle between the celestial and terrestrial intermediate 
origins; it is proportional to UT1. 

TAI international atomic time; unit is the SI second on the geoid. 

UTC coordinated universal time; differs from TAI by an integral number of seconds, 


and is the basis of most radio time signals and national and/or legal time systems. 
AUT =UTI1-—UTC; increment to be applied to UTC to give UT1. 


DUT predicted value of AUT, rounded to 0°1, given in some radio time signals. 

TDT terrestrial dynamical time; TDT = TAI + 32°184. It was used in the Almanac 
from 1984-2000. TDT was replaced by TT. 

TDB barycentric dynamical time; used as time-scale of ephemerides, referred to the 
barycentre of the solar system. 

Teph the independent variable of the equations of motion used by the JPL ephemerides, 
in particular DE405/LE405. T.p, and TDB may be considered to be equivalent. 

TT terrestrial time; used as time-scale of ephemerides for observations from the 
Earth’s surface (geoid). TT = TAI + 32°184. 

AE. = TT — UTI; increment to be applied to UT1 to give TT. 


= TAI + 32°184 — UT1. 
AAT =TAI — UTC; increment to be applied to UTC to give TAI; an integral number of 


seconds. 

ATT =TT — UTC = AAT+32?184; increment to be applied to UTC to give TT. 

JDrr =Julian date and fraction, where the time fraction is expressed in the terrestrial 
time scale, e.g. 2000 January 1, 12 TT is JD 245 1545-0 TT. 

JDuri = Julian date and fraction, where the time fraction is expressed in the universal time 


scale, e.g. 2000 January 1, 12 UT1 is JD 245 1545-0 UTI. 


The following intervals are used in this section. 


T = (JDrr — 245 1545-0)/36525 = Julian centuries of 365 25 days from J2000-0 
D = JD — 245 1545-0 = days and fraction from J2000-0 

Dy = JDuni — 245 1545-0 = days and UT1 fraction from J2000-0 
d = Day of the year, January 1 = 1, etc., see B4-B5 


Note that the intervals above are based on different time scales. T implies the TT time 
scale while Dy implies the UTI time scale. This is an important distinction when calculating 
Greenwich mean sidereal time. JT is the number of Julian centuries from J2000-0 to the 
required epoch (TT), while D, Dy and d are all in days. 


The name Greenwich mean time (GMT) is not used in this Almanac since it is ambiguous. 
It is now used, although not in astronomy, in the sense of UTC, in addition to the earlier sense 


of ee prior to 1925 it was reckoned for astronomical purposes from Greenwich mean noon 
(L260 T): 
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Relationships between time-scales 


The unit of UTC is the SI second on the geoid, but step adjustments of 1 second (leap 
seconds) are occasionally introduced into UTC so that universal time (UT1) may be obtained 
directly from it with an accuracy of | second or better and so that international atomic time 
(TAI) may be obtained by the addition of an integral number of seconds. The step adjustments, 
when required, are usually inserted after the 60th second of the last minute of December 31 
or June 30. Values of the differences AAT for 1972 onwards are given on page K9. Accurate 
values of the increment AUT to be applied to UTC to give UT1 are derived from observations, 
but predicted values are transmitted in code in some time signals. Wherever UT is used in this 
volume it always means UTI. 


The difference between the terrestrial time scale (TT) and the barycentric dynamical time 
scale (TDB), or the equivalent T.,, of the DE405/LE405 ephemeris, is often ignored, since 
the two time scales differ by no more than 2 milliseconds. 


An expression for the relationship between the barycentric and terrestrial time-scales (due 
to the variations in gravitational potential around the Earth’s orbit) is: 


TDB = TT + 08001 657 sin g + 08000 022 sin(L — L,) 
and g = 357253 + 0-985 600 28(JD — 245 1545-0) 
L — Ly = 246211 + 0-902 517 92(JD — 245 1545-0) 


where g is the mean anomaly of the Earth in its orbit around the Sun, and L — L, is the 
difference in the mean ecliptic longitudes of the Sun and Jupiter. The above formula for 
TDB — TT is accurate to about +30us over the period 1980 to 2050. 
For 2009 

g = 356°70 + 0°985 60 d and L — Ly = 332224 + 0°902 52 d 


where d is the day of the year and fraction of the day. 


The TDB time scale should be used for quantities such as precession angles and the 
fundamental arguments. However, for these quantities, the difference between TDB and TT is 
negligible at the microarcsecond (yas) level. 


Relationships between universal time, ERA, GMST and GAST 


The following equations show the relationships between the Earth rotation angle (ERA=6), 
Greenwich mean (GMST) and apparent (GAST) sidereal time, in terms of the equation of the 
origins (£,) and the equation of the equinoxes (E,): 


GMST(Dy, T) = 0(Dy) + polynomial part(T) 
GAST(Dy, T) = 6@(Dy) — equation of the origins(T) 
= GMST(Dy, T) + equation of the equinoxes(T) 


The definition of these quantities follow. Note that ERA is a function of UT1, while GMST 
and GAST are functions of both UT1 and TT. A diagram showing the relationships between 
these concepts is given on page B9. 


ERA is for use with intermediate right ascensions while GAST must be used with apparent 
(equinox based) right ascension. 
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Relationship between universal time and Earth rotation angle 


The Earth rotation angle (9) is measured in the Celestial Intermediate Reference System 
along its equator (the true equator of date) between the terrestrial and the celestial intermediate 
origins. It is proportional to UT1, and its time derivative is the Earth’s adopted mean angular 
velocity; it is defined by the following relationship 


6(Dy) = 22 (0-7790 5727 32640 + 1-0027 3781 1911 35448 Dy) radians 
= 360° (0-7790 5727 32640 + 0-0027 3781 1911 35448 Dy + Dy mod 1) 


where Dy is the interval, in days, elapsed since the epoch 2000 January 1¢ 12"UTI1 
(JD 245 1545-0 UT1), and Dy mod 1 is the fraction of the UT1 day remaining after re- 
moving all the whole days. The Earth rotation angle (ERA) is tabulated daily at 0" UT1 on 
pages B21-B24. 


During 2009, on day d, at t® UTI, the Earth rotation angle, expressed in arc and time, 
respectively, is given by: 


8 = 99°675 403 + 0°985 612 288 d + 15°041 0672 t 
= 64645 0269 + 02065 707 4859 d + 12002 737 81 t 


Relationship between universal and sidereal time 
Greenwich Mean Sidereal Time 


Universal time is defined in terms of Greenwich mean sidereal time (i.e. the hour angle of 
the mean equinox of date) by: 


GMST(Dy, T) = 0(Dy) + GMST p(T) 
GMST p(T) = 0/014 506 + 4612/'156 534 T + 1/391 5817 T? 
— 0000 000 44 T? — 0’000 029 956 T* — 3/68 1078 T> 


where @ is the Earth rotation angle. The polynomial part, GMST p(T) is due almost entirely 
to the effect of precession and is given separately as it also forms part of the equation of the 
origins (see page B10). The time interval Dy is measured in days elapsed since the epoch 
2000 January 1¢ 12"UT1 (JD 245 1545-0 UT1), whereas T is measured in the TT scale, in 
Julian centuries of 36 525 days, from JD 245 1545-0 TT. 


The Earth rotation angle is expressed in degrees while the terms of the polynomial part 
(GMST>p) are in arcseconds. GMST is tabulated on pages B13—B20 and the equivalent 
expression in time units is 


GMST(Dy, T) = 864005(0-7790 5727 32640 + 0-0027 3781 1911 35448Dy + Dy mod 1) 
+ 03000 967 07 + 3078477 102 27 T + 08092 772 113 T2 
— 08000 000 0293 T? — 08000 001 997 07 T* — 28453x 10-2 T5 


It is necessary, in this formula, to distinguish TT from UT1 only for the most precise work. 
The table on pages B13-B20 is calculated assuming AT = 66’. An error of +18 in AT 
introduces differences of 1/5 x 10~° or equivalently 0°10 x 10~° during 2009. 


The following relationship holds during 2009: 
on day of year d at t" UT1, GMST = 62652 7125 + 04065 709 8244 d + 14002 737 91 t 


where the day of year d is tabulated on pages B4—B5. Add or subtract multiples of 24" as 
necessary. 
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Relationship between universal and sidereal time (continued) 


In 2009: 1 mean solar day = 1-002 737 909 35 mean sidereal days 
= 24" 03™ 569555 37 of mean sidereal time 

1 mean sidereal day = 0-997 269 566 33 mean solar days 

= 23" 56™ 048090 53 of mean solar time 


Greenwich Apparent Sidereal Time 


The hour angle of the true equinox of date (GAST) is given by: 


GAST(Dy, T) = 6(Dy) — equation of the origins = 6(Dy) — E,(T) 
= GMST(Dy, T) + equation of the equinoxes = GMST(Dy, T) + E.(T) 


where @ is the Earth rotation angle (ERA) and GMST, the Greenwich mean sidereal time are 
given above, while the equation of the origins (£,) and the equation of the equinoxes (E,) are 
given on page B10. 


Pages B13—B20 tabulate GAST and the equation of the equinoxes daily at 0" UT1. These 
quantities have been calculated using the IAU 2000A nutation model together with the tiny 
(was level) amendments (see B55); they are expressed in time units and are based on a 
predicted AT = 66°. An error of +1° in AT introduces a maximum error of +3”8 x 10~° or 
equivalently +025 x 10~° during 2009. 


Interpolation may be used to obtain the equation of the equinoxes for another instant, or if 
full precision is required. 


Relationships between origins 
The difference between the CIO and true equinox of date is called the equation of the 
origins 
EG) = 0 ="GAST 
while the difference between the true and mean equinox is called the equation of the equinoxes 
is given by 
E.(1) = GAST — GMST 


The following schematic diagram shows the relationship between the “zero longitude” 
defined by the terrestrial intermediate origin, the true equinox and the celestial intermediate 
origin. 


Longitude 0° ; First Point Aries se 
TIO GAST / GHA Aries True Equinox pe 


Intermediate Equator 


Celestial 
CIO Intermediate 
Origin 


2 
TIO a) 
Terrestrial 
Intermediate 


Origin GCRS Origin 


The diagram illustrates that the origin of Greenwich hour angle, the terrestrial intermediate 
origin (TIO), may be obtained from either Greenwich apparent sidereal time (GAST) or Earth 
rotation angle (ERA). The quantity s, the CIO locator, positions the GCRS origin (2) on the 
equator (see page B47). Note that the planes of intermediate equator and the true equator of 
date (the pole of which is the celestial intermediate pole) are identical. 
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Relationships between origins (continued) 
Equation of the origins 


The equation of the origins (E,), the angular difference between the origin of intermediate 
right ascension (the CIO) and the origin of equinox right ascension (the true equinox) is 
defined to be 

M, - RB; 


M; -R; 


where s is the CIO locator (see page B47). M,, and M, are vectors formed from the top and 
middle rows of M (see page B50) which transforms positions from the GCRS to the equator 
and equinox of date, while the vector Rs, which is formed from the top row of Rg is given on 
page B49. The symbol - denotes the scalar or dot product of the two vectors. 


E,(T) = 0 — GAST = s — tan7! 


Alternatively, 
E,(1) =—=(GMST p(T) + Ee) 


where GMST> is the polynomial part of the Greenwich mean sidereal time formulae (see 
page B8), and E, is the equation of the equinoxes given below. E, is tabulated with the Earth 
rotation agnle (8) on pages B21—B24, and is calculated in the sense 


E, = 9 — GAST = a; — a 


and therefore a, =E,+a. 


Thus, given an apparent right ascension (@,) and the equation of the origins, the intermediate 
right ascension (@;) may be calculated so that it can be used with the Earth rotation angle (0) 
to form an hour angle. 


Equation of the Equinoxes 


The equation of the equinoxes (E,) is the difference between Greenwich apparent and mean 
sidereal time. 


E.(T) =GAST — GMST 


which can be expressed, less precisely, in series form as 


= Aw cose, + ee sin Ay + S;, cos Ax) + 0000 000 87 T sin 2 
k 


where GAST and GMST are the Greenwich apparent (see page B9) and mean sidereal time 
(see page B8). Ay is the total nutation in longitude, €4 is the mean obliquity of the ecliptic, 
and {2 is the mean longitude of the ascending node of the Moon (see B47, D2). A table 
containing the coefficients (C;,, A,) for all the terms exceeding 0-Sjras during 1975-2025 (there 
are no S; coefficients in this category) is given with the coefficients for s, the CIO locator, on 
page B47. This series expression is accurate over this period to +03 x 107°. 


The following approximate expression for the equation of the equinoxes (in seconds), 
incorporates the two largest terms, and is accurate to better than 2° x 10~° assuming Aw and 
€4 are supplied with sufficient accuracy. 


Be ik (Aw cosé,4 + 0002 64 sin 2 + 0000 06 sin 222) 


During 2009, 62 = 311°01 — 0°052 953 75 d, and d is the day of the year and fraction of day 
(see page D2). 
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Relationships between local time and hour angle 


The local hour angle of an object is the angle between two planes: the plane containing the 
geocentre, the CIP, and the observer; and the plane containing the geocentre, the CIP, and the 
object. Hour angle increases with time and is positive when the object is west of the observer as 
viewed from the geocentre. The plane defining the astronomical zero (“Greenwich”) meridian 
(from which Greenwich hour angles are measured) contains the geocentre, the CIP, and the 
TIO; there, the observer’s longitude A (not i,.,) = 0. This plane is now called the TIO 
meridian and it is a fundamental plane of the Terrestrial Intermediate Reference System. 


The following general relationships are used to relate the right ascensions of celestial objects 
to locations on the Earth and universal time (UT1): 


local mean solar time = universal time + east longitude 
local hour angle (1) = Greenwich hour angle (H) + east longitude (A) 


Equinox-based 
local mean sidereal time = Greenwich mean sidereal time + east longitude 
local apparent sidereal time = local mean sidereal time + equation of equinoxes 
= Greenwich apparent sidereal time + east longitude 
Greenwich hour angle = Greenwich apparent sidereal time — apparent right ascension 


local hour angle = local apparent sidereal time — apparent right ascension 
ClO-based 
Greenwich hour angle = Earth rotation angle — intermediate right ascension 
local hour angle = Earth rotation angle — intermediate right ascension 
+ east longitude 
= Earth rotation angle — equation of origins 


— apparent right ascension + east longitude 
Note: ensure that the units of all quantities used are compatible. 


Alternatively, use the rotation matrix R3 (see page K19) to rotate the equator and equinox 
of date system or the Celestial Intermediate Reference System about the z-axis (CIP) to the 
terrestrial system, resulting in either the TIO meridian and hour angle, or the local meridian 
and local hour angle. 


Equinox-based CIO-based 
Ir, = position with respect to the equator and r; = position with respect to the Celestial 
equinox (mean or true) of date Intermediate Reference System 
r =R;(LST) r, or R3(LST +A) r, r = R;3(6) r; or R3(0 +A) r; 


depending on whether the Greenwich (H) or local (h) hour angle is required, and then 
H orh = tan’! (—ry Vie) positive to the west, 


and r,, ry are components of r (see page K18). LST is the Greenwich mean (LMST) or 
apparent (LAST) sidereal time, as appropriate, and 6 is the Earth rotation angle. Greenwich 
apparent and mean sidereal times, and the equation of the equinoxes are tabulated on pages 
B13-B20, while Earth rotation angle and equation of the origins are tabulated on pages 
B21-B24. Both tables are tabulated daily at 0" UTI. 


The relationships above, which result in a position with respect to the Terrestrial Intermediate 
Reference System (see page B26), require corrections for polar motion (see page B84) when 
the reduction of very precise observations are made with respect to a standard geodetic system 
such as the International Terrestrial Reference System (ITRS). These small corrections are (i) 
the alignment of the terrestrial intermediate origin (TIO) onto the longitude origin (A,,,, = 0) 
of the ITRS, and (ii) for positioning the pole (CIP) within the ITRS. 
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Examples of the use of the ephemeris of universal and sidereal times 


1. Conversion of universal time to local sidereal time 


To find the local apparent sidereal time at 09" 44™ 30° UT on 2009 July 8 in longitude 80° 
22’ 55"'79 west. 
Greenwich mean sidereal time on July 8 at 0" UT ee 
(page B17) 19 04 18-7296 
Add the equivalent mean sidereal time interval from 0" to 
09" 44™ 30° UT (multiply UT interval by 1-002 737 9094) 9 46 06-0185 


Greenwich mean sidereal time at required UT: 450 24-7481 
Add equation of equinoxes, interpolated using 

second-order differences to approximate UT = 0°41 +0-9440 
Greenwich apparent sidereal time: 450 25-6921 
Subtract west longitude (add east longitude) 5°21 431-7193 
Local apparent sidereal time: 23 20 OS 9128 


The calculation for local mean sidereal time is similar, but omit the step which allows for 
the equation of the equinoxes. 


2. Conversion of local sidereal time to universal time 


To find the universal time at 23" 28™ 53°9728 local apparent sidereal time on 2009 July 8 
in longitude 80° 22’ 5579 west. 


h m s 

Local apparent sidereal time: 2320, 329° Shoo 
Add west longitude (subtract east longitude) Dh, s4-7 193 
Greenwich apparent sidereal time: 450 25-6921 
Subtract equation of equinoxes, interpolated using 

second-order differences to approximate UT = 0441 +0-9440 
Greenwich mean sidereal time: 450 24-7481 
Subtract Greenwich mean sidereal time at 0° UT 19 04 18-7296 
Mean sidereal time interval from 0 UT: 9 46 06-0185 
Equivalent UT interval (multiply mean sidereal time 

interval by 0-997 269 5663) 9 44 30-0000 


The conversion of mean sidereal time to universal time is carried out by a similar procedure; 
omit the step which allows for the equation of the equinoxes. 
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UNIVERSAL AND SIDEREAL TIMES, 2009 
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UNIVERSAL AND SIDEREAL TIMES, 2009 


Julian 
Date 
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00-3103 


56-8657 
53-4211 
49.9764 
46-5318 
43-0872 


39-6426 
36-1979 
32-7533 
29-3087 
25-8640 


22-4194 
18-9748 
15-5301 
12-0855 
08-6409 


05-1962 
01-7516 
58-3070 
54-8623 
51-4177 


47-9731 
44.5284 
41-0838 
37-6392 
34-1945 


30-7499 
27-3053 
23-8606 
20-4160 
16:9714 


13-5267 
10-0821 
06-6375 
03-1929 
59-7482 


56-3036 
52-8590 


Equation of 
Equinoxes 
at 0" UTI 


Ss 
+0-8825 
+0:8814 
+ 0-8827 
+ 0:8858 
+ 0-8899 


+ 0-8942 
+0-8977 
+0-8996 
+0-8993 
+ 0-8963 


+ 0:8908 
+ 0-8832 
+0:8747 
+ 0:8667 
+0-8605 


+0-8573 
+0-8579 
+0-8619 
+0-8683 
+0:8755 


+0-8812 
+ 0-8839 
+0-8825 
+0-8770 
+ 0:-8688 


+ 0:8596 
+0-8511 
+ 0-8447 
+0-8410 
+0-8400 


+0:8412 
+ 0:8438 
+0-8468 
+0-8494 
+0-8507 


+0-8500 
+0-8468 
+0:-8412 
+ 0:8333 
+0:8242 


+0-8152 
+0-8077 
+0-8032 
+0-8026 
+ 0:8056 


+0-8114 
+0-8182 
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1601-0 
1602-0 
1603-0 
1604-0 


1605-0 
1606-0 
1607-0 
1608-0 
1609-0 


1610-0 
1611-0 
1612-0 
1613-0 
1614.0 


1615-0 
1616-0 
1617-0 
1618-0 
1619-0 


1620-0 
1621-0 
1622-0 
1623-0 
1624-0 


1625-0 
1626-0 
1627-0 
1628-0 
1629.0 


1630-0 
1631-0 
1632-0 
1633-0 
1634-0 


1635.0 
1636-0 
1637-0 
1638-0 
1639.0 


1640.0 
1641.0 
1642.0 
1643-0 
1644.0 


1645.0 
1646-0 
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Mar. 


Apr. 


UTI at 0® GMST 
(Greenwich Transit of 
the Mean Equinox) 
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m 
WG 
13 
09 
05 
01 


57 
56 
49 
45 
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37 
33 
29 
26 
22 


18 
14 


s 
07-8831 
11-9736 
16-0641 
20-1547 
24-2452 


28-3357 
32-4263 
36-5168 
40-6073 
44.6979 


48-7884 
52-8789 
56-9695 
01-0600 
05-1505 


09-2410 
13-3316 
17-4221 
21-5126 
25-6032 


29-6937 
33-7842 
37-8748 
41-9653 
46-0558 


50-1464 
54-2369 
58-3274 
02-4179 
06-5085 


10-5990 
14-6895 
18-7801 
22-8706 
26-9611 


31-0517 
35-1422 
39-2327 
43-3233 
47-4138 


51-5043 
55-5948 
59-6854 
03-7759 
07-8664 


11-9570 
16-0475 
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Julian 
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4922.5 
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4924.5 
4925.5 
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4929.5 
4930-5 
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4938-5 
4939.5 
4940-5 
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4943-5 
4944.5 
4945-5 
4946.5 


4947.5 
4948-5 
4949.5 
4950-5 
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4952.5 
4953-5 
4954.5 
4955.5 
4956.5 


4957-5 
4958.5 
4959.5 
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4965.5 
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4967-5 
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G. SIDEREAL TIME 
(GHA of the Equinox) 
Apparent 


m 
37 
41 
45 
49 
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Ol 
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09 
13 
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21 
25 
29 
33 
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41 
44 
48 
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24 
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40 
44 
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59 
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07 
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35 
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S 
57-1150 
53-6772 
50-2384 
46-7970 
43-3518 


39-9029 
36-4510 
32-9976 
29-5445 
26-0931 


22-6443 
19-1984 
15-7551 
12-3135 
08-8728 


05-4320 
01-9902 
58-5467 
55-1009 
51-6527 


48-2023 
44.7504 
41-2980 
37-8467 
34-3980 


30-9533 
27-5127 
24-0755 
20-6399 
17-2038 


13-7651 
10-3227 
06-8765 
03-4272 
59.9762 


56-5250 
53-0751 
49.6277 
46-1830 
42-7410 


39-3012 
35-8625 
32-4241 
28-9849 
25-5442 


22-1013 
18-6561 


Mean 


Ss 
56-3036 
52-8590 
49.4143 
45.9697 
42-5251 


39-0804 
35-6358 
32-1912 
28-7465 
25-3019 


21-8573 
18-4126 
14-9680 
11-5234 
08-0787 


04-6341 
01-1895 
57-7448 
54-3002 
50-8556 


47-4109 
43-9663 
40-5217 
37-0770 
33-6324 


30-1878 
26-7432 
23-2985 
19-8539 
16-4093 


12-9646 
09-5200 
06-0754 
02-6307 
59-1861 


55.7415 
52-2968 
48-8522 
45-4076 
41-9629 


38-5183 
35-0737 
31-6290 
28-1844 
24.7398 


21-2951 
17-8505 


Equation of 
Equinoxes 
at 0° UTI 


Ss 
+0-8114 
+0-8182 
+0-8241 
+ 0-8273 
+0-8267 


+0-8224 
+0-8152 
+0-8065 
+0-7980 
+0-7912 


+0-7871 
+0-7858 
+0-7871 
+0-:7901 
+0:7941 


+0:-7979 
+0-8007 
+0-8018 
+0-8007 
+0-7971 


+0:-7914 
+0-7840 
+0-7763 
+0-7696 
+ 0-7656 


+0-7655 
+0-7696 
+0-7770 
+0-7860 
+0-7945 


+0-8004 
+ 0-8027 
+0-8011 
+0-7965 
+0:7901 


+ 0:7835 
+0-7783 
+0:7755 
+0-7754 
+0:7781 


+0-7829 
+0:7889 
+0-7951 
+0-8005 
+0-8044 


+0-8062 
+ 0-8056 


GSD 
at 
0° GMST 
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1645.0 
1646-0 
1647.0 
1648-0 
1649-0 


1650-0 
1651-0 
1652-0 
1653-0 
1654.0 


1655.0 
1656-0 
1657-0 
1658-0 
1659.0 


1660-0 
1661-0 
1662-0 
1663-0 
1664-0 


1665-0 
1666-0 
1667-0 
1668-0 
1669-0 


1670-0 
1671-0 
1672-0 
1673-0 
1674.0 


1675-0 
1676-0 
1677-0 
1678-0 
1679.0 


1680-0 
1681-0 
1682-0 
1683-0 
1684.0 


1685.0 
1686-0 
1687-0 
1688.0 
1689.0 


1690-0 
1691-0 


B15 


UTI at 0° GMST 
(Greenwich Transit of 
the Mean Equinox) 
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Ss 
11-9570 
16-0475 
20-1380 
24-2286 
28-3191 


32-4096 
36-5002 
40-5907 
44-6812 
48-7718 


52-8623 
56-9528 
01-0433 
05-1339 
09-2244 


13-3149 
17-4055 
21-4960 
25-5865 
29-6771 


33-7676 
37-8581 
41-9487 
46-0392 
50-1297 


54.2202 
58-3108 
02-4013 
06-4918 
10-5824 


14-6729 
18-7634 
22-8540 
26-9445 
31-0350 


35-1256 
39-2161 
43-3066 
47-3971 
51-4877 
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59-6687 
03-7593 
07-8498 
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UNIVERSAL AND SIDEREAL TIMES, 2009 


Julian 
Date 
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4968-5 
4969.5 
4970-5 
4971-5 
4972.5 


4973.5 
4974.5 
4975.5 
4976-5 
4977-5 


4978.5 
4979.5 
4980-5 
4981.5 
4982-5 


4983-5 
4984.5 
4985.5 
4986-5 
4987-5 


4988.5 
4989.5 
4990.5 
4991.5 
4992.5 


4993.5 
4994.5 
4995.5 
4996-5 
4997.5 


4998.5 
4999.5 
5000-5 
5001-5 
5002-5 


5003-5 
5004-5 
5005-5 
5006-5 
5007-5 


5008-5 
5009-5 
5010-5 
5011-5 
5012-5 


5013-5 
5014-5 


h 
15 
15 
15 
15 
15 


15 
16 
16 
16 
16 


16 
16 
16 
16 
16 


16 
16 
16 
16 
16 


16 
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if 
17 
17 
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18 
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18 
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18 
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G. SIDEREAL TIME 
(GHA of the Equinox) 
Apparent 


m 
39 
43 
47 
Sul 
55 


oy) 
02 
06 
10 
14 


Ss 
18-6561 
15-2087 
11-7595 
08-3095 
04-8599 


01-4124 
57-9683 
54-5285 
51-0928 
47-6597 


44.2268 
40-7918 
37-3530 
33-9100 
30-4635 


27-0148 
23-5655 
20-1173 
16-6712 
13-2276 


09-7868 
06-3482 
02.9110 
59-4743 
56-0370 


52-5983 
49.1575 
45-7145 
42-2690 
38-8217 


35:3732 
31-9246 
28-4773 
25-0327 
21-5920 


18-1556 
14-7227 
11-2912 
07-8587 
04-4227 


00-9821 
57-5373 
54.0895 
50-6407 
47-1925 


43-7461 
40-3022 


Mean 


s 
17-8505 
14-4059 
10-9612 
07:5166 
04-0720 


00-6273 
57-1827 
53-7381 
50-2935 
46-8488 


43-4042 
39.9596 
36:5149 
33-0703 
29-6257 


26-1810 
22-7364 
19-2918 
15-8471 
12-4025 


08-9579 
05-5132 
02:0686 
58-6240 
55-1793 


51-7347 
48-2901 
44-8454 
41-4008 
37-9562 


34-5115 
31-0669 
27-6223 
24-1777 
20-7330 


17-2884 
13-8438 
10-3991 
06-9545 
03-5099 


00-0652 
56-6206 
53-1760 
49.7313 
46-2867 


42-8421 
39.3974 


Equation of 
Equinoxes 
at 0° UTI 


s 
+ 0-8056 
+0-8028 
+ 0-7983 
+ 0-7929 
+ 0-7880 


+ 0-7850 
+ 0:7856 
+ 0-7904 
+0-7993 
+ 0-8108 


+0-8226 
+0-8323 
+0-8381 
+0-8397 
+0-8378 


+ 0:8337 
+0-8291 
+ 0-8255 
+ 0-8240 
+0:8251 


+ 0-8289 
+ 0-8350 
+0-8424 
+ 0:8503 
+ 0:8576 


+0-8636 
+ 0-8675 
+ 0-8690 
+ 0-8682 
+ 0-8655 


+0-8616 
+0:8577 
+0-8550 
+0:8551 
+0-8590 


+0-8672 
+0:8789 
+0-8921 
+0-9042 
+0:9128 


+0:9169 
+0-9167 
+0:9135 
+ 0-9093 
+0-9058 


+ 0-9040 
+ 0-9048 
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1691-0 
1692-0 
1693-0 
1694.0 
1695-0 


1696-0 
1697-0 
1698-0 
1699-0 
1700-0 


1701-0 
1702-0 
1703-0 
1704.0 
1705-0 


1706-0 
1707-0 
1708-0 
1709-0 
1710-0 


1711-0 
1712-0 
1713-0 
1714.0 
1715.0 


1716-0 
1717-0 
1718-0 
1719-0 
1720-0 


1721-0 
1722-0 
1723.0 
1724.0 
1725.0 


1726-0 
1727-0 
1728-0 
1729.0 
1730-0 


1731.0 
1732-0 
1733-0 
1734.0 
1735-0 


1736-0 
1737-0 


UTI at 0° GMST 
(Greenwich Transit of 
the Mean Equinox) 


May 17 


June 


July 


18 
19 
20 
Dal 


22; 
23 
24 
25 
26 


h 


NNDNDNOD NNN VW OW CN ON iON (ON =] a ef TS | Sy Sr =) Eee a | a a | CoO CO CO CO CO 


Aan an 


nN Nnnnn wm 


m 
19 
15 
11 
07 
03 


59 
55 
51 
47 
43 


40 
36 
B2 


s 
20-1214 
24-2119 
28-3025 
32-3930 
36-4835 


40-5740 
44.6646 
48-7551 
52-8456 
56-9362 


01-0267 
05-1172 
09-2078 
13-2983 
17-3888 


21-4794 
25.5699 
29-6604 
33-7509 
37-8415 


41-9320 
46-0225 
50-1131 
54-2036 
58-2941 


02-3847 
06-4752 
10-5657 
14-6563 
18-7468 


22-8373 
26-9278 
31-0184 
35-1089 
39-1994 


43-2900 
47-3805 
51-4710 
55-5616 
59-6521 


03-7426 
07-8332 
11-9237 
16-0142 
20-1048 


24-1953 
28-2858 
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UNIVERSAL AND SIDEREAL TIMES, 2009 


Julian 
Date 
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5014-5 
5015-5 
5016-5 
5017-5 
5018-5 


5019.5 
5020-5 
5021-5 
5022-5 
5023-5 


5024-5 
$025.5 
5026-5 
5027-5 
5028-5 


5029-5 
5030-5 
5031-5 
5032-5 
5033-5 


5034-5 
5035-5 
5036-5 
5037-5 
5038-5 


5039-5 
5040-5 
5041-5 
5042-5 
5043-5 


5044.5 
5045-5 
5046-5 
5047-5 
5048-5 


5049-5 
5050-5 
5051-5 
5052-5 
5053-5 


5054-5 
5055-5 
5056-5 
5057-5 
5058-5 


5059-5 
5060-5 


h 
18 
18 
18 
18 
18 


19 
19 
19 
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19 
19 
19 
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19 
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19 
20 
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20 
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20 
20 
20 
20 
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20 
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Za 
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21 
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21 
21 


G. SIDEREAL TIME 
(GHA of the Equinox) 
Apparent 


m 
40 
44 
48 
52 
56 


00 
04 
08 
12 
16 


20 
24 
27 
31 
35 


39 
43 
47 
31 
55 


59 
03 
07 
11 
15 


19 
zB 
oe 
Si 
34 


38 
42 
46 
50 
54 


58 
02 
06 
10 
14 


18 
22 
26 
30 
34 


38 
42 


s 
40-3022 
36-8610 
33-4219 
29-9844 
26-5475 


23-1103 
19-6717 
16-2312 
12-7883 
09-3430 


05-8955 
02-4466 
58-9973 
55-5487 
52-1022 


48-6589 
45-2196 
41-7839 
38-3507 
34-9176 


31-4823 
28-0427 
24-5984 
21-1502 
17-7000 


14-2499 
10-8014 
07-3553 
03-9119 
60-4708 


57-0313 
53-5925 
50-1536 
46-7136 
43-2717 


39-8275 
36-3807 
32-9317 
29-4809 
26-0295 


22-5784 
19-1291 
15-6825 
12-2394 
08-7998 


05-3629 
01-9271 


Mean 


s 
39-3974 
35-9528 
32-5082 
29-0635 
25-6189 


22-1743 
18-7296 
15-2850 
11-8404 
08-3957 


04-9511 
01-5065 
58-0618 
54-6172 
51-1726 


47-7280 
44.2833 
40-8387 
37-3941 
33-9494 


30-5048 
27.0602 
23-6155 
20-1709 
16-7263 


13-2816 
09-8370 
06-3924 
02-9477 
59-5031 


56-0585 
52-6138 
49-1692 
45-7246 
42-2799 


38-8353 
35-3907 
31-9460 
28-5014 
25-0568 


21-6121 
18-1675 
14-7229 
11-2783 
07-8336 


04-3890 
00-9444 


Equation of 
Equinoxes 
at 0" UTI 


s 
+ 0:9048 
+ 0-9082 
+0:9138 
+ 0-9209 
+ 0-9286 


+0-9360 
+0-9421 
+0-9462 
+ 0-9480 
+0-9473 


+0-9444 
+0-9401 
+0-9354 
+ 0-9315 
+ 0-9296 


+0-9310 
+ 0-9363 
+0-9452 
+0-9566 
+0-9682 


+0-9775 
+0-9826 
+0-9828 
+0-9793 
+0:9738 


+0-9683 
+0-9644 
+0-9629 
+0:9641 
+0-9676 


+0-9728 
+0-9787 
+0-9844 
+0-9890 
+0-9918 


+0-9922 
+ 0-9900 
+0-9856 
+0-9795 
+0:9727 


+ 0-9663 
+0:9616 
+0-9596 
+0-9611 
+0-9662 


+ 0-9739 
+0:9828 


GSD 
at 
0° GMST 


246 
1737-0 
1738-0 
1739-0 
1740-0 
1741.0 


1742.0 
1743-0 
1744.0 
1745.0 
1746-0 


1747.0 
1748-0 
1749.0 
1750-0 
1751.0 


1752.0 
1753.0 
1754.0 
1755.0 
1756-0 


1757-0 
1758-0 
1759.0 
1760-0 
1761.0 


1762-0 
1763-0 
1764.0 
1765-0 
1766-0 


1767-0 
1768-0 
1769-0 
1770-0 
1771.0 


1772.0 
1773-0 
1774-0 
1775.0 
1776-0 


1777-0 
1778-0 
1779-0 
1780-0 
1781-0 


1782.0 
1783-0 
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(Greenwich Transit of 
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28-2858 
32-3763 
36-4669 
40-5574 
44.6479 


48-7385 
52-8290 
56-9195 
01-0101 
05-1006 


09-1911 
13-2817 
17-3722 
21-4627 
25-5532 


29-6438 
33-7343 
37-8248 
41-9154 
46-0059 


50-0964 
54-1870 
58-2775 
02-3680 
06-4586 


10-5491 
14-6396 
18-7301 
22:8207 
26-9112 


31-0017 
35-0923 
39-1828 
43-2733 
47-3639 


51-4544 
55-5449 
59-6355 
03-7260 
07-8165 


11-9070 
15-9976 
20-0881 
24-1786 
28-2692 


32-3597 
36-4502 
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UNIVERSAL AND SIDEREAL TIMES, 2009 


Julian 
Date 


245 
5060-5 
5061-5 
5062-5 
5063-5 
5064-5 


5065-5 
5066-5 
5067-5 
5068-5 
5069-5 


5070-5 
5071-5 
5072-5 
5073-5 
5074-5 


5075-5 
5076-5 
5077-5 
5078-5 
5079.5 


5080-5 
5081-5 
5082-5 
5083-5 
5084-5 


5085-5 
5086-5 
5087-5 
5088-5 
5089-5 


5090-5 
5091-5 
5092.5 
5093-5 
5094-5 


5095-5 
5096-5 
5097-5 
5098-5 


5099.5 
5100-5 
5101-5 
5102-5 
5103-5 


5104-5 
5105-5 
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G. SIDEREAL TIME 
(GHA of the Equinox) 
Apparent 


m 
42 
45 
49 
53 
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01 
05 
09 


39 


S 
01-9271 
58-4902 
55-0501 
51-6055 
48-1565 


44.7046 
41-2519 
37-8004 
34-3512 
30-9048 


27-4610 
24-0191 
20-5781 
17-1373 
13-6955 


10-2520 
06-8063 
03-3582 
59-9076 
56-4552 


53-0018 
49-5485 
46-0967 
42-6475 
39-2016 


35-7591 
32-3193 
28-8810 
25-4423 
22-0012 


18-5564 
15-1075 
11-6552 
08-2012 
04-7477 


01-2962 
57-8476 
54-4020 
50-9587 


47-5168 
44-0753 
40-6332 
37-1896 
33-7440 


30-2960 
26-8457 


Mean 


s 
00-9444 
57-4997 
54-0551 
50-6105 
47-1658 


43-7212 
40-2766 
36-8319 
33-3873 
29.9427 


26-4980 
23-0534 
19-6088 
16-1641 
12-7195 


09-2749 
05-8302 
02-3856 
58-9410 
55-4963 


52-0517 
48-6071 
45-1624 
41-7178 
38-2732 


34-8286 
31-3839 
27-9393 
24-4947 
21-0500 


17-6054 
14-1608 
10-7161 
07-2715 
03-8269 


00-3822 
56-9376 
53-4930 
50-0483 


46-6037 
43-1591 
39.7144 
36-2698 
32-8252 


29-3805 
25-9359 


Equation of 
Equinoxes 
at O° UTI 


s 
+0-9828 
+0-9905 
+0-9950 
+0-9950 
+0-9907 


+0-9834 
+0-9754 
+ 0:9684 
+ 0-9639 
+0-9621 


+ 0-9629 
+ 0:9657 
+ 0:9694 
+0-9731 
+0-9760 


+0-9771 
+0-9761 
+0-9725 
+ 0:9666 
+0-9588 


+ 0-9500 
+0:9415 
+ 0-9343 
+0-9297 
+ 0-9284 


+0:9305 
+0:9354 
+0-9417 
+0-9476 
+0-9512 


+0-9511 
+0-9467 
+ 0-9390 
+0:9297 
+0-9208 


+0-9139 
+0-9100 
+0-9090 
+0-9103 


+0:9131 
+0-9162 
+0-9187 
+0-9198 
+0-9188 


+0-9155 
+0:9098 
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1783-0 
1784-0 
1785-0 
1786-0 
1787-0 


1788-0 
1789-0 
1790-0 
1791-0 
1792-0 


1793-0 
1794.0 
1795-6 
1796-0 
1797-0 


1798-0 
1799.0 
1800-0 
1801-0 
1802-0 


1803-0 
1804-0 
1805.0 
1806-0 
1807-0 


1808-0 
1809-0 
1810.0 
1811.0 
1812-0 


1813-0 
1814.0 
1815-0 
1816-0 
1817-0 


1818-0 
1819-0 
1820-0 
1821-0 
1822-0 


1823-0 
1824-0 
1825-0 
1826-0 
1827-0 


1828-0 
1829-0 


UT1 at 0" GMST 
(Greenwich Transit of 
the Mean Equinox) 
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40-5408 
44.6313 
48-7218 
52-8124 


56-9029 
00-9934 
05-0839 
09-1745 
13-2650 


17-3555 
21-4461 
25-5366 
29-6271 
33-7177 


37-8082 
41-8987 
45-9893 
50-0798 
54-1703 


58-2608 
02-3514 
06-4419 
10-5324 
14-6230 


18-7135 
22-8040 
26-8946 
30-9851 
35-0756 


39-1662 
43-2567 
47-3472 
51-4377 
55-5283 


59-6188 
03-7093 
07-7999 
11-8904 
15-9809 


20-0715 
24-1620 
28-2525 
32-3431 
36-4336 


40-5241 
44.6147 
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UNIVERSAL AND SIDEREAL TIMES, 2009 


Julian 
Date 


245 
5105-5 
5106-5 
$107.5 
5108-5 
5109-5 


5110-5 
5111-5 
$112.5 
$113.5 
5114-5 


5115-5 
5116-5 
5117-5 
5118-5 
5119.5 


$120.5 
5121-5 
$122.5 
$123.5 
5124-5 


5125-5 
5126-5 
$127.5 
5128-5 
$129.5 


5130-5 
$131-5 
$132.5 
5133-5 
5134-5 


5135-5 
5136-5 
5137-5 
5138-5 
5139-5 


5140.5 
5141-5 
5142.5 
5143-5 
5144-5 
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5146.5 
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G. SIDEREAL TIME 
(GHA of the Equinox) 
Apparent 
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s 
26-8457 
23-3934 
19-9398 
16-4862 
13-0337 


09-5837 
06-1370 
02-6939 
59-2538 
55-8154 


52-3769 
48-9366 
45-4930 
42-0456 
38-5948 


35-1420 
31-6889 
28-2374 
24-7886 
21-3429 


17-9001 
14-4592 
11-0191 
07-5788 
04-1373 


60-6939 
57.2483 
53-8004 
50-3504 
46-8990 


43-4472 
39.9961 
36-5472 
33-1016 
29-6598 


26-2215 
22-7854 
19-3496 
15-9123 
12-4718 


09-0275 
05-5798 
02-1298 
58-6792 
55-2296 


51-7823 
48-3381 


Mean 


Ss 
25-9359 
22-4913 
19-0466 
15-6020 
12-1574 


08-7128 
05-2681 
01-8235 
58-3789 
54.9342 


51-4896 
48-0450 
44.6003 
41-1557 
37-7111 


34.2664 
30-8218 
27-3772 
23-9325 
20-4879 


17-0433 
13-5986 
10-1540 
06-7094 
03-2647 


59-8201 
56-3755 
52-9308 
49-4862 
46-0416 


42-5969 
39-1523 
35-7077 
32-2631 
28-8184 


25-3738 
21-9292 
18-4845 
15-0399 
11-5953 


08-1506 
04-7060 
01-2614 
57-8167 
54-3721 


50:9275 
47-4828 


Equation of 
Equinoxes 
at 0 UTI 


NY 
+0-9098 
+0-9021 
+0-8932 
+ 0:8842 
+ 0-8763 


+0-:8710 
+ 0:8689 
+0-8704 
+0-8750 
+0-8812 


+ 0-8873 
+0-8916 
+ 0:8926 
+ 0:8899 
+0-8837 


+0-8755 
+0-8671 
+0-8602 
+0-8561 
+0-8550 


+0-8568 
+ 0-8606 
+0-8651 
+0-8694 
+0-8725 


+0-8738 
+0-8728 
+0-8696 
+ 0-8642 
+0:8575 


+0-8502 
+0-8438 
+0-8395 
+0-8385 
+0-8414 


+0-8477 
+0-8562 
+0-8651 
+ 0-8724 
+ 0:8765 


+ 0:8769 
+0-8738 
+ 0-8684 
+0-8624 
+0:8575 


+0-8549 
+0-8553 


GSD 
at 
0° GMST 


246 
1829-0 
1830-0 
1831-0 
1832-0 
1833-0 


1834-0 
1835-0 
1836-0 
1837-0 
1838-0 


1839-0 
1840-0 
1841-0 
1842.0 
1843-0 


1844.0 
1845-0 
1846-0 
1847-0 
1848-0 


1849.0 
1850-0 
1851.0 
1852-0 
1853-0 


1854-0 
1855-0 
1856-0 
1857-0 
1858-0 


1859.0 
1860-0 
1861-0 
1862-0 
1863-0 


1864.0 
1865-0 
1866-0 
1867-0 
1868-0 


1869-0 
1870-0 
1871.0 
1872-0 
1873-0 


1874.0 
1875-0 


Oct. 


Nov. 
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UTI at 0" GMST 
(Greenwich Transit of 
the Mean Equinox) 
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S 
44-6147 
48-7052 
Sy) 
56-8862 
00-9768 


05-0673 
09-1578 
13-2484 
17-3389 
21.4294 


25-5200 
29-6105 
33-7010 
37-7916 
41-8821 


45.9726 
50-0631 
54-1537 
58-2442 
02-3347 


06-4253 
10-5158 
14.6063 
18-6969 
22-7874 


26-8779 
30-9685 
35-0590 
39-1495 
43-2400 


47-3306 
51-4211 
55-5116 
59-6022 
03-6927 


07-7832 
11-8738 
15-9643 
20-0548 
24-1454 


28-2359 
32-3264 
36-4169 
40.5075 
44-5980 


48-6885 
52:7791 
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UNIVERSAL AND SIDEREAL TIMES, 2009 


Julian 
Date 


245 
5151-5 
$152:5 
5153-5 
5154.5 
5155-5 


5156-5 
5157-5 
5158-5 
5159-5 
5160-5 


5161-5 
5162-5 
5163-5 
5164-5 
5165-5 


5166-5 
5167-5 
5168-5 
5169-5 
5170-5 


5171-5 
5172-5 
5173-5 
$174.5 
5175-5 


5176-5 
5177-5 
5178-5 
5179-5 
5180-5 


5181-5 
5182-5 
5183-5 
5184.5 
$185.5 


5186-5 
5187-5 
5188-5 
5189-5 
5190-5 


5191-5 
$192.5 
5193-5 
5194.5 
$195.5 


5196-5 
$197.5 
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G. SIDEREAL TIME 
(GHA of the Equinox) 
Apparent 


Ans £ 
aANeESS 


ae TS IS SS) 
NN OHO 


WwWNN WY 
AnNnwkh oO 


nAnpb BW 
ne YW Oo 


=e oou 
nam NW wo 


WwWNN He 
NeW oO 


Ans WwW 
FODWO 


Ee ae BS TBS 
ODAN Co 


WBWNN 
FODN DH 


WwW 
N oo 


S 
48-3381 
44.8968 
41-4579 
38-0203 
34-5828 


31-1444 
27-7044 
24-2621 
20-8176 
17-3709 


13-9225 
10-4734 
07-0245 
03-5772 
60-1327 


56-6920 
53-2552 
49-8215 
46-3889 
42-9553 


39-5186 
36-0778 
32-6331 
29-1857 
25-7372 


22-2894 
18-8435 
15-4004 
11-9602 
08-5224 


05-0861 
01-6503 
58-2139 
54-7759 
51-3358 


47-8933 
44.4484 
41-0017 
37-5539 
34-1059 


30-6588 
27-2139 
23-7722 
20-3342 
16-8999 


13-4677 
10-0357 


Mean 


s 
47-4828 
44.0382 
40-5936 
37-1489 
33-7043 


30-2597 
26-8150 
23-3704 
19-9258 
16-4811 


13-0365 
09-5919 
06-1473 
02-7026 
59-2580 


55-8134 
52-3687 
48-9241 
45-4795 
42-0348 


38-5902 
35-1456 
31-7009 
28-2563 
24-8117 


21-3670 
17-9224 
14-4778 
11-0331 
07-5885 


04-1439 
00-6992 
57-2546 
53-8100 
50-3653 


46-9207 
43-4761 
40-0314 
36-5868 
33-1422 


29-6976 
26-2529 
22-8083 
19-3637 
15-9190 


12-4744 
09-0298 


Equation of 
Equinoxes 
at 0" UTI 


S 
+0-8553 
+0-8586 
+ 0:8644 
+ 0-8714 
+ 0-8785 


+ 0-8848 
+ 0-8893 
+0-8917 
+0:8918 
+0:8897 


+0-8860 
+0-8815 
+0-8772 
+ 0-8746 
+ 0:8747 


+ 0-8787 
+0-8865 
+ 0-8974 
+0-9095 
+ 0-9204 


+0-9284 
+0-9322 
+ 0:9322 
+0-9294 
+ 0-9256 


+0-9224 
+0:9211 
+0-9227 
+0-9271 
+ 0:9339 


+ 0:9422 
+0-9511 
+ 0-9593 
+0-9659 
+ 0-9704 


+ 0:9725 
+0-9724 
+0-9703 
+0-9671 
+ 0:9637 


+0-9612 
+0-9610 
+ 0:9639 
+0-9706 
+ 0-9808 


+0-9934 
+ 1-0059 
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1886-0 
1887-0 
1883-0 
1889.0 


1890-0 
1891.0 
1892-0 
1893-0 
1894-0 


1895-0 
1896.0 
1897-0 
1898.0 
1899-0 


1900-0 
1901-0 
1902-0 
1903-0 
1904-0 


1905-0 
1906-0 
1907-0 
1908-0 
1909.6 


1910-0 
1911-0 
1912-0 
1913-0 
1914.0 


1915.0 
1916-0 
1917-0 
1918-0 
1919.0 


1920-0 
1921-0 


UTI at 0" GMST 
(Greenwich Transit of 
the Mean Equinox) 
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11 
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00 


Ss 
52:7791 
56-8696 
00-9601 
05-0507 
09-1412 


13-2317 
17-3223 
21-4128 
25-5033 
29-5938 


33-6844 
37-7749 
41-8654 
45-9560 
50-0465 


54-1370 
58-2276 
02-3181 
06-4086 
10-4992 


14-5897 
18-6802 
22-7707 
26-8613 
30-9518 


35-0423 
39-1329 
43-2234 
47-3139 
51-4045 


55-4950 
59-5855 
03-6761 
07-7666 
11-8571 


15-9476 
20-0382 
24-1287 
28-2192 
32-3098 


36-4003 
40-4908 
44-5814 
48-6719 
52-7624 


56-8530 
00-9435 
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UNIVERSAL TIME AND EARTH ROTATION ANGLE, 2009 B21 


Julian 
Date 


245 
4831-5 
4832-5 
4833-5 
4834.5 
4835.5 


4836-5 
4837-5 
4838-5 
4839.5 
4840-5 


4841.5 
4842.5 
4843.5 
4844.5 
4845.5 


4846.5 
4847.5 
4848.5 
4849.5 
4850-5 


4851-5 
4852-5 
4853-5 
4854.5 
4855.5 


4856-5 
4857-5 
4858-5 
4859-5 
4860-5 


4861-5 
4862-5 
4863-5 
4864-5 
4865-5 


4866-5 
4867-5 
4868-5 
4869-5 
4870-5 


4871-5 
4872-5 
4873-5 
4874-5 
4875.5 


4876-5 
4877-5 


Earth Rotation 
Angle 


0 


99 31-4514 
100 39-6557 
101 38 47-8599 
102 37 56-0641 
103 04-2684 


104 12-4726 
105 35 20-6769 
106 28-8811 
107 33 37-0853 
108 45.2896 


109 31 53-4938 
110 31 01-6980 
111 09-9023 
112 18-1065 
113 28 26-3107 


114 27 
115 
116 25 
II) 
118 


34-5150 
42-7192 
50-9235 
59-1277 
07-3319 


15-5362 
23-7404 
31-9446 
40-1489 
48-3531 


93 
120822 
Al 
122 
123 19 


124 18 
D5 M8 
126 17 
127 16 
128 15 


129 14 
130 13 
ts 2 
132 a2 
133.01 


134 10 
135 
136 
137 
138 


139 
140 
141 
142 
143 


144 Ol 
145 


56-5574 
04-7616 
12.9658 
21-1701 
29-3743 


37:5785 
45-7828 
53-9870 
02-1913 
10-3955 


18-5997 
26-8040 
35.0082 
43.2124 
51-4167 


08 


06 


59-6209 
07-8252 
16-0294 
24.2336 
32-4379 


03 


40-6421 
48-8463 


| 
~~ ~~ - > SS) SS) ttl) ~~ edd sn nNwNN sNnNNN srnNnNn-NnNA sn nNNN 


Equation of 
Origins 


Eo 

lig 
07-3056 
07-4352 
07-5318 
07-6068 
07-6775 


07-7654 
07-8931 
08-0785 
08-3285 
08-6324 


08-9610 
09-2744 
09-5359 
09-7266 
09-8499 


09-9265 
09-9841 
10-0482 
10-1370 
10-2604 


10-4206 
10-6135 
10-8306 
11-0601 
11-2882 


11-5010 
11-6860 
11-8345 
11-9432 
12-0155 


12-0618 
12-0986 
12.1463 
12-2259 
12-3544 


12-5404 
12-7796 
13-0528 
13-3285 
13-5714 


13-7543 
13-8678 
13-9230 
13-9450 
13-9628 


14-0002 
14.0716 


GHA = 6 — q, 


Date Julian 

O00 Date 

245 

Feb. 15 4877-5 
16 4878-5 
17 4879.5 
18 4880-5 
19 4881.5 
20 4882.5 
21 4883-5 
22 4884-5 
23 = 4885.5 
24 4886-5 
25 4887-5 
26 «4888-5 
27 ~=— 4889.5 
28 4890-5 
Mar. 1 4891-5 
2 4892-5 
3 4893-5 
4 4894.5 
5 4895-5 
6 4896-5 
7 4897-5 
8 4898-5 
9 4899.5 
10 4900-5 
11 4901-5 
12 4902-5 
13. 4903-5 
14 4904.5 
15 4905-5 
16 4906-5 
17. 4907-5 
18 4908-5 
19 4909.5 
20 4910-5 
21 4911-5 
22 4912-5 
23 «4913-5 
24 4914.5 
25 4915.5 
26 ©©4916-5 
27 4917-5 
28 4918-5 
29 4919.5 
30 4920.5 
31 4921-5 
Apr. 1 4922-5 
2 4923-5 
a; =a + Ep 


Earth Rotation 
Angle 


fe} 


145 
145 
146 
147 
148 


149 
150 
151 
152 
153 


154 
155 
156 
157 
158 
159 
160 
161 
162 
163 


164 
165 
166 
167 
168 


169 
170 
171 
172 
173 


174 
175 
176 
177 
178 


179 
180 
181 
182 
183 


184 
185 
186 
187 
188 


189 
190 


48 


23 
22 


0 


48-8463 
57-0506 
05-2548 
13-4590 
21-6633 


29-8675 
38-0718 
46-2760 
54-4802 
02-6845 


10-8887 
19.0929 
e292 
35-5014 
43-7057 


51-9099 
00-1141 
08-3184 
16-5226 
24-7268 


32-9311 
41-1353 
49-3396 
57-5438 
05-7480 


13-9523 
22-1565 
30-3607 
38-5650 
46-7692 


54-9735 
03-1777 
11-3819 
19-5862 
27-7904 


35-9946 
44.1989 
52.4031 
00-6073 
08-8116 


17-0158 
25-2201 
33-4243 
41-6285 
49-8328 


58-0370 
06-2412 


Equation of 


Origins 


san a ed =<} J ~~) srNnN-A~ SINnN AN ~arNnNnN~ sanNn~~ NInNnN~n~ sNINnNAN 2) SSS 


Eo 


14-0716 
14-1816 
14-3272 
14-5000 
14-6883 


14-8788 
15-0579 
15-2128 
15-3338 
15-4153 


15-4584 
15-4715 
15-4704 
15-4757 
15-5091 


15-5884 
15-7228 
15-9093 
16-1321 
16-3653 


16-5784 
16-7446 
16-8491 
16-8941 
16-8971 


16-8848 
16-8840 
16-9143 
16-9853 
17-0965 


17-2404 
17-4052 
17-5770 
17-7421 
17-8877 


18-0035 
18-0827 
18-1240 
18-1329 
18-1225 


18-1128 
18-1271 
18-1862 
18-3025 
18-4749 


18-6883 
18-9168 


@;, @ are the right ascensions with respect to the CIO and the true equinox of date, respectively. 
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Date 
0° UTI 


Apr. 
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May 
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Julian 
Date 


245 
4922.5 
4923-5 
4924.5 
4925.5 
4926-5 


4927-5 
4928-5 
4929.5 
4930-5 
4931-5 


4932-5 
4933-5 
4934-5 
4935.5 
4936-5 


4937-5 
4938-5 
4939.5 
4940-5 
4941.5 


4942.5 
4943.5 
4944.5 
4945.5 
4946-5 


4947.5 
4948.5 
4945.5 
4950.5 
4951.5 


4952.5 
4953-5 
4954.5 
4955.5 
4956.5 


4957-5 
4958.5 
4959.5 
4960-5 
4961.5 


4962.5 
4963-5 
4964.5 
4965-5 
4966.5 


4967-5 
4968.5 


Earth Rotation 
Angle 


6 


/ 
58-0370 
06-2412 
14-4455 
22-6497 
30-8540 


39-0582 
47-2624 
55-4667 
03-6709 
11-8751 


20-0794 
28-2836 
36-4879 
44.6921 
52-8963 


01-1006 
09-3048 
17-5090 
25-7133 
33-9175 


t 42-1217 


50-3260 
58-5302 
06-7345 
14-9387 


23-1429 
31-3472 
39-5514 
47-7556 
55-9599 


04-1641 
12.3684 
20-5726 
28-7768 
36-9811 


45-1853 
53-3895 
01-5938 
09-7980 
18-0023 


26-2065 
34-4107 
42-6150 
50-8192 
59-0234 


07-2277 
15-4319 


Equation of Date Julian 
Origins 0" UTI Date 
Eo 
Rie 245 
7 18-6883 May 17 4968-5 
— 7 18-9168 18 4969.5 
7 19-1309 19 4970-5 
7 19-3048 20 4971.5 
7 19-4232 21 4972-5 
7 19-4848 22 4973-5 
7 19-5023 23 4974-5 
7 19-4978 24 4975.5 
7 19-4970 25 4976-5 
Gf SI esyAy/ 26 4977.5 
7 19-5857 27 4978-5 
7 19-6929 28 4979.5 
7 19-8383 29 4980-5 
7 20-0107 30 = 4981-5 
— 7 20-1960 31 4982-5 
7 20-3797 June 1 4983.5 
7 20-5482 2 4984-5 
7 20-6908 3 4985-5 
7 20-8000 4 4986-5 
7 20-8731 5 4987-5 
7 20-9130 6 4988-5 
7 20-9294 7 4989-5 
7 20-9394 8 4990-5 
7 20-9657 9 4991-5 
7 21-0320 10 4992-5 
7 21-1563 11 4993-5 
7 21-3434 12 4994.5 
— 7 213-5812 13 4995.5 
7 21-8431 14 4996.5 
7 22-0964 1S 4997.5 
7 22-3119 16 4998-5 
— 7 22-4722 17 = 4999.5 
7 22-5748 18 5000-5 
7 22-6311 19 5001-5 
7 22-6614 20 5002-5 
7 22-6896 21 5003-5 
7 22-7376 22 =5004-5 
7 22-8211 23 =5005-5 
7 22.9468 24 5006-5 
— 7 23-1132 25 5007-5 
Th PSSM 26 = 5008-5 
TR233273 27 ~=—- 009-5 
7 23-7464 28 5010-5 
7 23.9543 29 5011-5 
7 24-1390 30 = 5012.5 
7 24-2922 July 1 5013-5 
7 24-4103 2 5014-5 
GHA = 6 — aj, a; =e + E> 


Earth Rotation 
Angle 


7) 


15-4319 
23-6362 
31-8404 
40-0446 
48-2489 


56-4531 
04-6573 
12-8616 
21-0658 
29-2700 


37-4743 
45-6785 
53-8828 
02-0870 
10-2912 


18-4955 
26-6997 
34-9039 
43-1082 
51-3124 


59-5167 
07-7209 
15-9251 
24-1294 
32-3336 


40-5378 
48-7421 
56-9463 
05-1506 
13-3548 


21-5590 
29-7633 
37-9675 
46-1717 
54-3760 


02-5802 
10-7845 
18-9887 
27-1929 
35-3972 


43-6014 
51-8056 
00-0099 
08-2141 
16-4183 


24-6226 
32-8268 


| 
SS SS SS 


| 
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ee 


Equation of 
Origins 


| 
~ 


Eo 

24-4103 
24-4947 
24-5528 
24-5981 
24-6503 


24-7326 
24-8668 
25-0657 
25-3259 
25-6250 


25-9280 
26-1989 
26-4130 
26-5636 
26-6609 


26-7259 
26-7833 
26-8556 
26-9591 
27-1023 


27-2855 
27-5020 
27-7399 
27-9844 
28-2209 


28-4362 
28-6210 
28-7705 
28-8850 
28-9705 


29-0384 
29-1053 
29-1918 
29-3192 
29-5048 


29-7541 
30-0557 
30-3798 
30-6871 
30-9430 


31-1302 
31-2532 
31-3326 
31-3959 
31-4684 


31-5687 
31-7065 


@j, We are the right ascensions with respect to the CIO and the true equinox of date, respectively. 
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Aug. 
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UNIVERSAL TIME AND EARTH ROTATION ANGLE, 2009 B23 


Julian 
Date 


245 
5013-5 
5014-5 
5015-5 
5016-5 
5017-5 


5018-5 
5019.5 
5020-5 
5021-5 
5022-5 


5023-5 
5024-5 
5025.5 
5026-5 
5027-5 


5028-5 
5029-5 
5030-5 
5031-5 
$032-5 


5033-5 
5034.5 
5035-5 
5036-5 
5037-5 


5038-5 
5039-5 
5040-5 
5041-5 
5042-5 


5043-5 
5044.5 
5045.5 
5046-5 
5047-5 


5048-5 
5049.5 
5050-5 
5051-5 
5052-5 


5053-5 
5054-5 
5055-5 
5056-5 
5057-5 


5058-5 
5059-5 


Earth Rotation Equation of 

Angle Origins 
6 Eo 
/ ihe / 1 
03 24-6226 — 7 31-5687 
02 32-8268 — 7 31-7065 
Ol 41-0311 — 7 31-8834 
00 49-2353 — 7 32-0937 
59 57-4395 — 7 32-3268 
59 05-6438 — 7 32-5691 
58 13-8480 — 7 32-8060 
522:0522 Fe es3 0238 
0930-25650en— 7933:2120 
55 38-4607 — 7 33-3644 
54 46-6650 — 7 33-4800 
53 54-8692 — 7 33-5638 
53 03-0734 — 7 33-6259 
52 11-2777 — 7 33-6814 
51 19-4819 — 7 33-7486 
50 27-6861 — 7 33-8471 
49 35-8904 — 7 33-9939 
48 44.0946 — 7 34-1990 
47 52.2989 — 7 34-4596 
47 00-5031 — 7 34-7568 
46 08-7073 — 7 35-0573 
45 16-9116 — 7 35-3229 
44 25-1158 — 7 35-5249 
43 33-3200 — 7 35-6552 
42 41-5243 — 7 35-7282 
41 49.7285 — 7 35-7717 
40 57-9327 — 7 35-8158 
40 06-1370 — 7 35-8836 
39 14-3412 — 7 35-9883 
38 22-5455 — 7 36-1325 
37 30-7497 — 7 36:3116 
36mS89589 ee 1930-5151 
35 47-1582 — 7 36-7300 
34 55-3624 — 7 36-9420 
34 03-5666 — 7 37-1374 
B35 mi2 7/7 OO Waa — 37831-3050 
BOO S/S len 7eS7-4371 
Bil 28-1794 r= 737-5315 
30 36-3836 — 7 37-5914 
29 44.5878 — 7 37-6261 
28 52-7921 — 7 37-6499 
28 00-9963 — 7 37-6803 
27 09-2005 — 7 37-7358 
26 17-4048 — 7 37-8328 
25)25-6090 = 7737-9818 
24 33-8133 — 7 38-1834 
23 42-0175 — 7 38-4261 
GHA = 6 —a;; 


Date Julian 

0° UT1 Date 

245 

Aug. 16 5059-5 
17 =5060-5 
18 5061-5 
19 5062-5 
20 5063-5 
21 5064-5 
22 5065-5 
23 =5066-5 
24 5067-5 
25 5068-5 
26 5069-5 
27 5070-5 
28 5071-5 
29 5072-5 
30 =. 5073-5 
31 5074-5 
Sept. 1 5075-5 
2 5076-5 
3. 5077-5 
4 5078-5 
5 5079-5 
6 5080-5 
7 5081-5 
8 5082-5 
9 5083-5 
10 5084-5 
11 5085-5 
12 5086-5 
13. 5087-5 
14 5088-5 
15 5089.5 
16 5090.5 
17. =—5091.-5 
18 5092-5 
19 5093-5 
20 5094-5 
21 5095-5 
22 5096-5 
23 =5097-5 
24 5098-5 
25 5099.5 
26 =©5100-5 
27 ~=5101-5 
28 5102-5 
29 5103-5 
30 ©5104-5 
Oct. 1 5105-5 
i= Oe Be 


Earth Rotation 
Angle 


\o oO NYDN SW =) 


0 


42-0175 
50:2217 
58-4260 
06-6302 
14.8344 


23-0387 
31-2429 
39-4472 
47-6514 
55-8556 


04-0599 
12.2641 
20-4683 
28-6726 
36-8768 


45-0810 
53-2853 
01-4895 
09-6938 
17-8980 


26-1022 
34-3065 
42-5107 
50-7149 
58-9192 


07-1234 
15-3277 
23-5319 
31-7361 
39-9404 


48-1446 
56-3488 
04-5531 
12.7573 
20-9616 


29-1658 
37-3700 
45-5743 
53-7785 
01-9827 


10-1870 
18.3912 
26-5955 
34-7997 
43-0039 


51-2082 
59-4124 


Equation of 


Origins 


Ey 


" 
38-4261 
38-6850 
38-9273 
39-1210 
39.2474 


39-3087 
39-3265 
39-3319 
39-3541 
39-4118 


39-5118 
39-6504 
39-8176 
39-9996 
40-1821 


40-3511 
40-4950 
40-6055 
40-6786 
40-7160 


40-7254 
40-7200 
40-7173 
40-7363 
40-7937 


40-9005 
41-0583 
41-2578 
41-4788 
41-6938 


41-8740 
41-9979 
42-0594 
42-0703 
42-0567 


42-0491 
42-0723 
42-1394 
42-2508 
42-3974 


42-5651 
42-7382 
42-9021 
43-0443 
43-1560 


43-2323 
43-2730 


Qj, Me are the right ascensions with respect to the CIO and the true equinox of date, respectively. 
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Date 
0° UTI 


Oct. 


Nov. 
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wo N 
a) 


22 


on nAN BWN Re 


\o 


Se eee 
WN K © 


_ 
BSN 


——— 
nN 


Julian 
Date 


245 
$105-5 
5106-5 
5107-5 
5108-5 
5109-5 


5110-5 
5111-5 
5112-5 
5113-5 
5114-5 


5115-5 
$116.5 
5117-5 
5118-5 
5119-5 


5120-5 
5121-5 
5122-5 
5123-5 
5124-5 


$125.5 
5126-5 
5127-5 
5128-5 
$129.5 


5130-5 
5131-5 
5132-5 
5133-5 
5134-5 


$135.5 
5136-5 
5137-5 
5138-5 
5139-5 


5140-5 
5141-5 
$142.5 
5143-5 
5144.5 


$145.5 
5146.5 
5147.5 
5148-5 
5149-5 


5150-5 
$151-5 


Earth Rotation 
Angle 


18 
1) 


21 


0 


Ti 
59-4124 
07-6166 
15-8209 
24-0251 
32-2293 


40-4336 
48-6378 
56-8421 
05-0463 
13-2505 


21-4548 
29-6590 
37-8632 
46-0675 
54-2717 


02-4760 
10-6802 
18-8844 
27-0887 
35.2929 


43-4971 
51-7014 
59-9056 
08-1099 
16-3141 


24-5183 
32-7226 
40-9268 
49-1310 
57-3353 


05-5395 
13-7438 
21-9480 
30-1522 
38-3565 


46-5607 
54-7649 
02-9692 
11-1734 
19-3776 


27-5819 
35-7861 
43-9904 
52-1946 
00-3988 


08-6031 
16-8073 


Equation of Date Julian 

Origins 0" UTI Date 
Eo 

/ /t 245 
7 43-2730 Nov. 16 5151-5 
— 7 43-2839 17. 5152-5 
7 43-2765 18 5153-5 
7 43-2675 19 5154-5 
7 43-2765 20 5155-5 
7 43-3222 21 5156-5 
7 43-4179 22% DU5725 
7 43-5669 23 5158-5 
7 43-7608 24 5159.5 
7 43-9802 25 5160-5 
7 44-1988 26 5161-5 
7 44-3893 27 =5162-5 
7 44.5312 28 5163-5 
7 44-6161 29 +5164-5 
— 7 44.6502 30 ©=5165-5 
7 44-6537 Dec. 1 5166-5 
7 44.6536 2 5167-5 
7 44-6764 3 5168-5 
7 44-7402 4 5169-5 
7 44-8513 5 5170-5 
7 45-0044 6 5171-5 
7 45-1865 1* 51725 
7 45-3812 8 5173-5 
7 45-5719 9 §174-5 
7 45-7450 10 5175.5 
— 7 45-8903 11 =5176-5 
7 46-0021 12” 5179-5 
7 46-0792 13. 5178-5 
7 46-1255 14 5179.5 
7 46-1503 15 5180-5 
7 46-1683 16 =©5181-5 
7 46-1983 17 5182-5 
7 46-2604 18 5183-5 
7 46-3717 19 5184-5 
7 46-5404 20 5185-5 
7 46-7613 21 5186-5 
= 7 47-0157 22 5187-5 
7 47-2753 23 5188-5 
7 47-5105 24 $189.5 
7 47-6988 25 5190.5 
7 47-8304 26 =©5191.5 
7 47-9105 27° 5192:5 
7 47-9565 28 5193-5 
7 47-9928 29 5194-5 
7 48-0447 30 = 5195-5 
7 48-1317 31 5196-5 
7 48-2641 32 5197-5 
GHA = 6 — qj, O; =e + Eo 


Earth Rotation 
Angle 


5p) 
56 


99 
100 


/ 


04 


d 


W 
16-8073 
25-0115 
33-2158 
41-4200 
49-6243 


57-8285 
06-0327 
14-2370 
22-4412 
30-6454 


38-8497 
47-0539 
55-2582 
03-4624 
11-6666 


19-8709 
28-0751 
36-2793 
44.4836 
52-6878 


00-8920 
09-0963 
17-3005 
25-5048 
33-7090 


41-9132 
50-1175 
58-3217 
06-5259 
14-7302 


22-9344 
31-1387 
39.3429 
47-5471 
55-7514 


03-9556 
12-1598 
20-3641 
28-5683 
36:7726 


44.9768 
53-1810 
01-3853 
09-5895 
17-7937 


25-9980 
34-2022 


Equation of 


Origins 


ee i a fe | Qn.) ~) a i i i sNnNNNY NINN NN NI NnN-NN~ NIN AN NN NInNn~NANN 


xa 


~~ sNnNNA4 


Eo 

" 
48-2641 
48-4412 
48-6531 
48-8845 
49-1181 


49-3382 
49.5329 
49-6950 
49-8223 
49-9175 


49-9881 
50-0464 
50-1091 
50-1953 
50-3242 


50-5093 
50-7532 
51-0427 
51-3501 
51-6412 


51-8864 
52-0704 
52-1960 
52-2806 
52-3494 


52-4277 
52-5356 
52-6848 
52-8770 
53-1055 


53-3572 
53-6158 
53-8650 
54-0912 
54-2852 


54-4432 
54-5666 
54-6620 
54-7401 
54-8154 


54-9051 
55-0271 
55-1972 
55-4240 
55-7041 


56-0181 
56-3333 


aj, @ are the right ascensions with respect to the CIO and the true equinox of date, respectively. 


REDUCTION OF CELESTIAL COORDINATES B25 


Purpose, explanation and arrangement 


The formulae, tables and ephemerides in the remainder of this section are mainly intended 
to provide for the reduction of celestial coordinates (especially of right ascension, declination 
and hour angle) from one reference system to another; in particular from a position in the 
International Celestial Reference System (ICRS) to a geocentric apparent or intermediate 
position, but some of the data may be used for other purposes. 


Formulae and numerical values are given for the separate steps in such reductions, i.e. for 
proper motion, parallax, light-deflection, aberration on pages B27-B29, and for frame bias, 
precession and nutation on pages B50-B56. Formulae are given for full-precision reductions 
using vectors and rotation matrices on pages B48-B50. The examples given use both the long- 
standing equator and equinox of date system, as well as the Celestial Intermediate Reference 
System (equator and CIO of date)(see pages B66-B75). Finally, formulae and numerical 
values are given for the reduction from geocentric to topocentric place on pages B84—B86. 
Background information is given in the Notes and References and in the Glossary, while 
vector and matrix algebra, including the rotation matrices, is given on pages K18-K19. 


Notation and units 


The following is a list of some frequently used coordinate systems and their designations and 
include the practical consequences of adoption of the ICRS, IAU 2000 resolutions B1.6, B1.7 
and B1.8, and [AU 2006 resolutions 1 and 2. 


1. Barycentric Celestial Reference System (BCRS): a system of barycentric space-time 
coordinates for the solar system within the framework of General Relativity. For all 
practical applications, the BCRS is assumed to be oriented according to the ICRS axes, 
the directions of which are realized by the International Celestial Reference Frame. The 
ICRS is not identical to the system defined by the dynamical mean equator and equinox 
of J2000-0, although the difference in orientation is only about 002. 


2. The Geocentric Celestial Reference System (GCRS): is a system of geocentric space-time 
coordinates within the framework of General Relativity. The directions of the GCRS axes 
are obtained from those of the BCRS (ICRS) by a relativistic transformation. Positions 
of stars obtained from ICRS reference data, corrected for proper motion, parallax, light- 
bending, and aberration (for a geocentric observer) are with respect to the GCRS. The 
same is true for planetary positions, although the corrections are somewhat different. 


3. The J2000-0 dynamical reference system; mean equator and equinox of J2000-0; a 
geocentric system where the origin of right ascension is the intersection of the mean 
ecliptic and equator of J2000-0; the system in which the [AU 2000 precession-nutation is 
defined. For precise applications a small rotation (frame bias, see B50) should be made 
to GCRS positions before precession and nutation are applied. The J2000-0 system may 
also be barycentric, for example as the reference system for catalogues. 


4. The mean system of date (m); mean equator and equinox of date. 


5. The true system of date (t); true equator and equinox of date: a geocentric system of 
date, the pole of which is the celestial intermediate pole (CIP), with the origin of right 
ascension at the equinox on the true equator of date (intermediate equator). It is a system 
“between” the GCRS and the Terrestrial Intermediate Reference System that separates 
the components labelled precession-nutation and polar motion. 


6. The Celestial Intermediate Reference System (i): the [AU recommended geocentric system 
of date, the pole of which is the celestial intermediate pole (CIP), with the origin of right 
ascension at the celestial intermediate origin (CIO) which is located on the intermediate 
equator (true equator of date). It is a system “between” (intermediate) the GCRS and 
the Terrestrial Intermediate Reference System that separates the components labelled 
precession-nutation and polar motion. 
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Notation and units (continued) 


fs 


The Terrestrial Intermediate Reference System: a rotating geocentric system of date, the 
pole of which is the celestial intermediate pole (CIP), with the origin of longitude the 
terrestrial intermediate origin (TIO), which is located on the intermediate equator (true 
equator of date). The plane containing the geocentre, the CIP, and TIO is the fundamental 
plane of this system and is called the TIO meridian and corresponds to the astronomical 
zero meridian. 


The International Terrestrial Reference System (ITRS): a geodetic system realized by 
the International Terrestrial Reference Frame (ITRF2000), see page K11. The CIP and 
TIO of the Terrestrial Intermediate Reference System differ from the geodetic pole and 
zero-longitude point on the geodetic equator by the effects of polar motion (page B84). 


Summary 
| No. System Equator/Pole Origin on the Equator} Epoch 
ee al 
1 | BCRS CICRS) | ICRS equator and pole | ICRS (RA) — 
2 | GCRS ICRS (see 2 above) ICRS (RA) — 
3 | J2000-0 mean equator mean equinox (RA) | J2000-0 
4 | Mean (m) mean equator mean equinox (RA) date 
ay | baie) equator/CIP true equinox (RA) date 
6 | Intermediate (7) | equator/CIP CIO (RA) date 
7 | Terrestrial equator/CIP TIO (GHA) date 
8 | ITRS geodetic equator/pole _| longitude (A,,,,) date 
e The true equator of date, the intermediate equator, the instantaneous equator are all terms 


for the plane orthogonal to the direction of the CIP, which in this volume will be referred 
to as the “equator of date”. Declinations, apparent or intermediate, derived using either 
equinox-based or CIO-based methods, respectively, are identical. 


The origin of the right ascension system may be one of five different locations (ICRS 
origin, J2000-0, mean equinox, true equinox, or the CIO). The notation will make it clear 
which is being referred to when necessary. 


The celestial intermediate origin (CIO) is the chosen origin of the Celestial Intermediate 
Reference System. It has no instantaneous motion along the equator as the equator’s 
orientation is space changes, and is therefore referred to as a “non-rotating” origin. The 
CIO makes the relationship between UT1 and Earth rotation a simple linear function 
(see page B8). Right ascensions measured from this origin are called intermediate right 
ascensions or CIO right ascensions. 


The only difference between apparent and intermediate right ascensions is the position 
of the origin on the equator. When using the equator and equinox of date system, right 
ascension is measured from the equinox and is called apparent right ascension. When 
using the Celestial Intermediate Reference System, right ascension is measured from the 
CIO, and is called intermediate right ascension. 


Apparent right ascension is subtracted from Greenwich apparent sidereal time to give 
hour angle (GHA). 


Intermediate right ascension is subtracted from Earth rotation angle to give hour angle 
(GHA). 


Matrices 
R,, Ry, R3 rotation matrices R,(¢), n = 1, 2,3, where the original system is rotated about 


Ry 


its x, y, or z-axis by the angle ¢, counterclockwise as viewed from the 4-x, +y 
or +z direction, respectively (see page K19 for information on matrices). 
Matrix transformation of the GCRS to the equator and GCRS origin of date. An 
intermediary matrix which locates and relates origins, see pages B9 and B49. 
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Notation and units (continued) 
Matrices for Equinox-Based Techniques 


B 
P 
N 
M = NPB 
R3(GAST) 


Bias matrix: transformation of the GCRS to J2000-0 system, mean equator and 
equinox of J2000-0, see page B50. 

Precession matrix: transformation of the J2000-0 system to the mean equator 
and equinox of date, see page B51. 

Nutation matrix: transformation of the mean equator and equinox of date to 
equator and equinox of date, see page B55. 

Celestial to equator and equinox of date matrix: transformation of the GCRS to 
the true equator and equinox of date, see page B50. 

Earth rotation matrix: transformation of the true equator and equinox of date to 
the Terrestrial Intermediate Reference System (origin is the TIO). 


Matrices for ClO-Based Techniques 


C 


R3(0) 


Celestial to Intermediate matrix: transformation of the GCRS to the Celestial 
Intermediate Reference System (equator and CIO of date). C includes frame 
bias and precession-nutation, see page B49. 

Earth rotation matrix: transformation of the Celestial Intermediate Reference 
System to the Terrestrial Intermediate Reference System (origin is the TIO). 


Other terms 


t 


Qe, a; 


Ha, Hs 


A,B 
Qin @® 


OO Lh 


MOP 


an epoch expressed in terms of the Julian year; (see page B3); the difference 
between two epochs represents a time-interval expressed in Julian years; sub- 
scripts zero and one are used to indicate the epoch of a catalogue place, usually 
the standard epoch of J2000-0, and the epoch of the middle of a Julian year 
(here shortened to “epoch of year’’), respectively. 

an interval of time expressed in Julian centuries of 36 525 days; usually measured 
from J2000-0, i.e. from JD 245 1545-0 TT. 

column position vectors (see page K18), with respect to mean equinox, true 
equinox, and intermediate system, respectively. 

right ascension, declination and annual parallax; in the formulae for computation, 
right ascension and related quantities are expressed in time-measure (1" = 15°, 
etc.), while declination and related quantities, including annual parallax, are 
expressed in angular measure, unless the contrary is indicated. 

equinox and intermediate right ascensions, respectively; a, is measured from 
the equinox, while a; is measured from the CIO. 

components of proper motion in right ascension and declination. Check the 
units carefully. Modern catalogues usually use mas/year, where the cos 6 factor 
has been included in fy. 

ecliptic longitude and latitude. 

orbital elements referred to the ecliptic; longitude of ascending node, inclination, 
argument of perihelion. 

rectangular coordinates of the Earth with respect to the barycentre of the solar 
system, referred to the ICRS and expressed in astronomical units (au). 

first derivatives of X, Y, Z with respect to time expressed in TDB days. 


Approximate reduction for proper motion 


In its simplest form the reduction for the proper motion is given by: 


a = ao + (t — to) Me or a = a + (t — to) a /cosd 
5 = 60 + (t — to) Ms 


where the rate of the proper motions are per year. In some cases it is necessary to allow 
also for second-order terms, radial velocity and orbital motion, but appropriate formulae are 
usually given in the catalogue (see page B72). 
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Approximate reduction for annual parallax 
The reduction for annual parallax from the catalogue place (a, 59) to the geocentric place 
(a, 5) is given by: 
a = a + (1/15 cos d9)(X sinag — Y cos ao) 
5 = 59 + 2(X cosao sin do + Y sina sin dg — Z cos 49) 
where X, Y, Z are the coordinates of the Earth tabulated on pages B76-B83. Expressions for 
X, Y, Z may be obtained'from page C5, since X = —x, Y = —y, Z=-z. 


The times of reception of periodic phenomena, such as pulsar signals, may be reduced to 
a common origin at the barycentre by adding the light-time corresponding to the component of 
the Earth’s position vector along the direction to the object; that is by adding to the observed 
times (X cosa cosé + Y sina cosé + Z sind)/c, where the velocity of light, c = 173-14 au/d, 
and the light time for 1 au, 1/c = 04005 7755. 


Approximate reduction for light-deflection 


The apparent direction of a star or a body in the solar system may be significantly affected 
by the deflection of light in the gravitational field of the Sun. The elongation (Z£) from the 
centre of the Sun is increased by an amount (AEF) that, for a star, depends on the elongation 
in the following manner: 

AE = 0"004 07/ tan (E /2) 
E O22 deer OD ie vip aA 10° 2 50° 90° 
AE 1866 0933 0466 0’233 0093 0047 0023 0009 0004 
The body disappears behind the Sun when E£ is less than the limiting grazing value of about 
0°25. The effects in right ascension and declination may be calculated approximately from: 


cos E = sind sin dg + cos 6 cos d9 Cos (& — a) 
Aa = 0°000 271 cos dg sin (a — a) /(1 — cos E) cos d 
Aéd = 0004 07[sin 6 cos 59 cos (@ — ag) — cos b sin d9]/(1 — cos E) 


where a, 6 refer to the star, and a, do to the Sun. See also page B67 Step 3. 


Approximate reduction for annual aberration 
The reduction for annual aberration from a geometric geocentric place (ap, 59) to an 
apparent geocentric place (a, 5) is given by: 
a = ay + (—X sin ay + Y cos ao)/(c cos d9) 
5 = 89 + (—X cos ag sin 8p — Y sina sin 89 + Z cos 89)/c 


where c = 173-14 au/d, and X, Y, Z are the velocity components of the Earth given on pages 
B76-B83. Alternatively, but to lower precision, it is possible to use the expressions 


X = +0-0172 sina Y = —0-0158 cosa Z = —0-0068 cos A 


where the apparent longitude of the Sun, A, is given by the expression on page C5. The 
reduction may also be carried out by using the vector-matrix technique (see page B67 Step 4) 
when full precision is required. 


Measurements of radial velocity may be reduced to a common origin at the barycentre by 
adding the component of the Earth’s velocity in the direction of the object; that is by adding 


X cos a cos do + Y sin a cos 59 + Z sin 60 
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Traditional reduction for planetary aberration 


In the case of a body in the solar system, the apparent direction at the instant of 
observation (t) differs from the geometric direction at that instant because of (a) the motion 
of the body during the light-time and (b) the motion of the Earth relative to the reference 
system in which light propagation is computed. The reduction may be carried out in two 
stages: (1) by combining the barycentric position of the body at time tf — At, where At is the 
light-time, with the barycentric position of the Earth at time t, and then (ii) by applying the 
correction for annual aberration as described above. Alternatively it is possible to interpolate 
the geometric (geocentric) ephemeris of the body to the time ¢ — Ar; it is usually sufficient to 
subtract the product of the light-time and the first derivative of the coordinate. The light-time 
At in days is given by the distance in au between the body and the Earth, multiplied by 
0-005 7755; strictly, the light-time corresponds to the distance from the position of the Earth 
at time ¢ to the position of the body at time t — At (i.e. some iteration is required), but it is 
usually sufficient to use the geocentric distance at time f. 


Differential aberration 


The corrections for differential annual aberration to be added to the observed differences 
(in the sense moving object minus star) of right ascension and declination to give the true 
differences are: 


in right ascension aAa+bAé in units of 0°001 
in declination cAa+dAé in units of 001 


where Aq, A6 are the observed differences in units of 1™ and 1’ respectively, and where a, b, 
c, d are coefficients defined by: 


a = —5-701 cos (H + @) sec 6 b = —0-380 sin (H + a) sec 6 tan 6 
c = +8-552 sin (H + a) sind d = —0-570cos (H + a) cosé 
H> = 23.4 — (day of year/15-2) 


The day of year is tabulated on pages B4—BS. 


GCRS positions 


For objects with reference data (catalogue coordinates or ephemerides) expressed in the 
ICRS, the application of corrections for proper motion and parallax (for stars), light-time (for 
solar system objects), light deflection, and annual aberration results in a position referred to 
the GCRS, which is sometimes called the proper place. 


Astrometric positions 


An astrometric place is the direction of a solar system body formed by applying the 
correction for the barycentric motion of this body during the light time to the geometric 
geocentric position referred to the ICRS. Such a position is then directly comparable with 
the astrometric position of a star formed by applying the corrections for proper motion and 
annual parallax to the ICRS (or J2000) catalog direction. The gravitational deflection of light 
is ignored since it will generally be similar (although not identical) for the solar system body 
and background stars. For high-accuracy applications, gravitational light deflection effects 
need to be considered, and the adopted policy declared. 
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FRAME BIAS, PRECESSION AND NUTATION, 2009 


MATRIX ELEMENTS FOR CONVERSION FROM 
GCRS TO EQUATOR AND EQUINOX OF DATE 
FOR 0° TERRESTRIAL TIME 


Mii-l1 Mi2 

—25509 —2071 6457 
—25524 —2072 2744 
—25536 —2072 7429 
—25545 —2073 1065 
—25553 —2073 4491 
—25564 —2073 8752 
—25579 —2074 4939 
—25601 —2075 3927 
—25631 —2076 6044 
—25667 —2078 0775 
—25707 —2079 6709 
—25744 —2081 1902 
—25776 —2082 4584 
—25799 —2083 3832 
—25813 —2083 9811 
—25823 —2084 3527 
—25830 —2084 6321 
—25837 —2084 9428 
— 25848 —2085 3733 
—25803 —2085 9714 
—25882 —2086 7477 
—25905 —2087 6830 
—25931 —2088 7355 


—25959 —2089 8480 
—25986 —2090 9539 


—26012 —2091 9856 
— 26034 —2092 8828 
—26052 —2093 6030 
—26065 —2094 1301 
— 26074 —2094 4805 
—26080 —2094 7049 
—26084 —2094 8834 


—26090 —2095 1147 
—26100 —2095 5004 


—26115 —2096 1233 
—26138 —2097 0250 
—26166 —2098 1844 
—26199 —2099 5086 
— 26233 —2100 8454 
—26262 —2102 0234 
— 26284 —2102 9103 
—26298 —2103 4607 
—26305 —2103 7284 
—26308 —2103 8353 
= 26310. —21103 9216 
—26314 —2104 1029 
—26323 —2104 4488 


M)3 


900 0112 
900 2844 
900 4881 
900 6463 
900 7954 


900 9808 
901 2496 
901 6398 
902 1657 
902 8050 


903 4963 
904 1556 
904 7060 
905 1075 
905 3673 


905 5290 
905 6508 
905 7860 
905 9733 
906 2332 


906 5703 
906 9764 
907 4333 
907 9162 
908 3962 


908 8441 
909 2336 
909 5465 
909 7756 
909 9281 


910 0260 
910 1039 
910 2048 
910 3726 
910 6433 


911 0348 
911 5380 
912 1127 
912 6928 
913 2041 


913 5892 
913 8284 
913 9451 
913 9920 
914 0300 


914 1092 
914 2598 


M21 M2 2-1 


+2071 6215 —21462 
+2072 2500 —21475 
+2072 7184 —21485 
+2073 0819 —21492 
+2073 4245 —21499 


+2073 8508 —21508 
+2074 4697 —21521 
+2075 3687 —21540 
+2076 5806 —21565 
+2078 0538 —21595 


+2079 6471 —21628 
+2081 1662 —21660 


+2082 4342 —21687 
+2083 3587 —21706 
+2083 9563 —21718 
+2084 3278 —21726 
+2084 6071 —21732 
+2084 9178 —21738 
+2085 3485 — 21747 
+2085 9467 —21760 
+2086 7231 —21776 
+2087 6585 —21796 
+2088 7111 —21817 
+2089 8235 —2184] 
+2090 9293 —21864 
+2091 9608 —21886 
+2092 8578 —21904 
+2093 5777 —21919 
+2094 1045 —21931 
+2094 4547 —21938 
+2094 6790 —21943 
+2094 8574 —21947 
+2095 0888 —21951 
+2095 4746 —21959 
+2096 0977 —21972 
+2096 9996 —21991 
+2098 1590 —22016 
+2099 4832 —22043 
+2100 8199 —22071 
+2101 9976 —22096 
+2102 8841 —22115 
+2103 4343 —22127 
+2103 7017 —22132 
+2103 8085 —22135 
+2103 8948 —22136 
+2104 0762 —22140 


+2104 4222 —22147 


M23 


=27 1658 
—27 9734 
—28 1296 
—28 2025 
—28 1718 


—28 0348 
SIH] SA! 
—27 5508 
—27 3182 
—27 1874 


—27 2108 
= 7) BERS) 
—27 6958 
--28 0313 
—=28 3193 


=e S052 
—28 5640 
—28 5143 
—28 3870 
—28 2231 


—28 0633 
—27 9427 
—27 8880 
= 27) D159 
—28 0313 


—28 2267 
—28 4823 
—28 7677 
—29 0454 
—29 2766 


—29 4273 
—29 4758 
—29 4178 
—29 2706 
=2910733 


—28 8822 
—28 7607 
—28 7628 
=29 9135 
—29 1952 


—29 5486 
29° 89273 
SOUND 
—30 2867 
—30 2914 


—30 1937 
—30 0374 


ES Pa a a a et eee eee ee 


M31 


900 0668 
900 3404 
900 5445 
900 7028 
900 8519 


901 0370 
901 3053 
901 6951 
902 2205 
902 8595 


903 5510 
904 2106 
904 7617 
905 1640 
905 4244 


905 5865 
905 7083 
905 8435 
906 0305 
906 2901 


906 6269 
907 0327 
907 4896 
907 9725 
908 4528 


908 9011 
909 2913 
909 6047 
909 8344 
909 9874 


910 0856 
910 1637 
910 2645 
910 4320 
910 7022 


911 0933 
911 5963 
eee wall 
O12 7515 
913 2635 


913 6493 
913 8893 
914 0065 
914 0537 
914 0917 


914 1707 
914 3209 


M3,2 


+25 9013 
+26 1077 
+26 2631 
+26 3354 
+26 3040 


+26 1662 
+25 9425 
+25 6795 
+25 4447 
425.3113 
+25 3318 
+25 5137 
+25 8118 
+26 1455 
+26 4324 


+26 6158 
+26 6760 
+26 6257 
+26 4976 
+26 3327 


+26 1715 
+26 0491 
+25 9926 
+26 0184 
+26 1318 


+26 3253 
+26 5793 
+26 8634 
+27 1402 
+27 3707 


+27 5210 
+27 5692 
+27 5108 
+27 3629 
+27 1644 


+26 9717 
+26 8481 
+26 8478 
+26 9961 
+27 2756 


+27 6273 
+27 9700 
+28 2297 
+28 3638 
+28 3683 


+28 2703 
28 1133 


M3 3-1 


4054 
4056 
4058 
4060 
4061 


4063 
4065 
4069 
4073 
4079 


4085 
4091 
4096 
4100 
4102 


4104 
4105 
4106 
4108 
4110 


4113 
4117 
4121 
4125 
4130 


4134 
4138 
4141 
4143 
4144 


4145 
4146 
4147 
4148 
4151 


4154 
4159 
4164 
4169 
4174 


4178 
4180 
4181 
4181 
4182 
4183 
4184 


M = NPB. Values are in units of 10~!°. Matrix used with GAST (B13—B20). CIP is X = M31, ¥ = M3». 


Julian 
Date 


245 
4831-5 
4832-5 
4833-5 
4834.5 
4835.5 


4836-5 
4837-5 
4838-5 
4839.5 
4840-5 


4841.5 
4842.5 
4843.5 
4844.5 
4845.5 


4846-5 
4847-5 
4848-5 
4849-5 
4850.5 


4851-5 
4852-5 
4853-5 
4854.5 
4855-5 


4856-5 
4857-5 
4858-5 
4859-5 
4860-5 


4861-5 
4862-5 
4863-5 
4864.5 
4865-5 


4866-5 
4867-5 
4868-5 
4869-5 
4870-5 


4871-5 
4872-5 
4873-5 
4874-5 
4875-5 


4876-5 
4877-5 


FRAME BIAS, PRECESSION AND NUTATION, 2009 


GCRS TO EQUATOR & CELESTIAL INTERMEDIATE ORIGIN OF DATE 
FOR 0° TERRESTRIAL TIME 


Ci,1;-1 


— 4051 
— 4053 
— 4055 
— 4056 
— 4058 


— 4059 
— 4062 
— 4065 
— 4070 
— 4076 


— 4082 
— 4088 
— 4093 
— 4097 
— 4099 


— 4100 
— 4102 
— 4103 
— 4104 
— 4107 


— 4110 
— 4114 
— 4118 
= 4122 
— 4126 


— 4131 
— 4134 
418 
— 4139 
— 4140 


— 4141 
— 4142 
— 4143 
— 4144 
— 4147 


— 4150 
— 4155 
— 4160 
— 4166 
— 4170 


— 4174 
— 4176 
— 4177 
— 4177 
— 4178 


— 4179 
— 4180 


Values are in units of 107!9. Matrix used with ERA (B21-B24). 
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= 1s) 
— 118 
ns 
= 1K 
—118 


Sill 
=i) 
=I 
= 9) 
= Ue 


Sis 
—119 
ie) 
SI) 
= 120 


— 120 
= 120 
— 120 
120 
20) 


20 
=A 
—120 
=120 
—120 


120 
—121 
=121 
ail 
ey 


Al 
At 
= PA 
= PA 
— 121 


—121 
— 121 
—121 
— 122 
—122 


— 122 
— 122 
22 
= 122) 
— 122 


— 122 
=D 


Ci 3 


900 0668 
900 3404 
900 5445 
900 7028 
900 8519 


901 0370 
901 3053 
901 6951 
902 2205 
902 8595 


903 5510 
904 2106 
904 7617 
905 1640 
905 4244 


905 5865 
905 7083 
905 8435 
906 0305 
906 2901 


906 6269 
907 0327 
907 4896 
907 9725 
908 4528 


908 9011 
909 2913 
909 6047 
909 8344 
909 9874 


910 0856 
910 1637 
910 2645 
910 4320 
910 7022 


911 0933 
911 5963 
O12 
912 7515 
913 2635 


913 6493 
913 8893 
914 0065 
914 0537 
914 0917 


914 1707 
914 3209 


Cai (Cy a—l 


ts) 
= 1i7/ 
Salis 
= ik 
SH) 


Sule 
=115 
= 13) 
= i100 
oO) 


Se 
=—1i1 
4 
er: 
— 120 


7h 
— 122 
= 122 
= 11240 
—119 


Sy 
SING 
—116 
6 
= ily 


=119 
— 121 
— 124 
— 126 
= 128 


— 130 
— 130 
— 130 
128 
=126 


—125 
— 124 
— 124 
— 125 
—127 


15} 
— 134 
—136 
S37 
= 137 


137) 
=135 


WWW Ww WWW WwW WwW WWW WwW Ww 


S&H $fHHHH FFHHH HPHHH HAH HW WWHwWwH WH HHH W 


C23 


—25) 9013 
—=26 1077 
— 26 2631 
—26 3354 
— 26 3040 


—26 1662 
—25 9425 
—25 6795 
—25 4447 
S715) SIS) 


S15) SMi3} 
PL Sif, 
—25) S118 
=26 1455 
— 26 4324 


— 26 6158 
— 26 6760 
— 26 6257 
— 26 4976 
—20n3 527 


= 2X0) AIS) 
— 26 0491 
= 25) 9926 
— 26 0184 
= 26) 1318 


— 26 3253 
20 a1 93 
— 26 8634 
—27 1402 
= 2]) AOI 


—=27 S2h0 
—27 5692 
—27 5108 
=27 3629 
—27 1644 


=26 9717 
— 26 8481 
— 26 8478 
—26 9961 
=2) 2756 


—2) 6273 
—27 9700 
=28 2297 
— 28 3638 
—28 3683 


—28 2703 
—28 1133 


FEE FEE FEEHEH FHtHHe HHHEEHt H+HHH HHH ;+¢4+44++4+ 


C3 


900 0668 
900 3404 
900 5445 
900 7028 
900 8519 


901 0370 
901 3053 
901 6951 
902 2205 
902 8595 


903 5510 
904 2106 
904 7617 
905 1640 
905 4244 


905 5865 
905 7083 
905 8435 
906 0305 
906 2901 


906 6269 
907 0327 
907 4896 
907 9725 
908 4528 


908 9011 
909 2913 
909 6047 
909 8344 
909 9874 


910 0856 
910 1637 
910 2645 
910 4320 
910 7022 


911 0933 
911 5963 
C/U 
MIP), TisyIt5) 
913 2635 


913 6493 
913 8893 
914 0065 
914 0537 
914 0917 


914 1707 
914 3209 


+25 9013 
+26 1077 
+26 2631 
+26 3354 
+26 3040 


+26 1662 
+25 9425 
+25 6795 
+25 4447 
Se) slits) 


+25 3318 
25) S187 
+25 8118 
+26 1455 
+26 4324 


+26 6158 
+26 6760 
+26 6257 
+26 4976 
+26 3327 


20s IS 
+26 0491 
+25 9926 
+26 0184 
+26 1318 


+26 3253 
= 2On193 
+26 8634 
+27 1402 
+27 3707 


+27 5210 
+27 5692 
+27 5108 
+27 3629 
+27 1644 


+26 977 
+26 8481 
+26 8478 
+26 9961 
+27 2756 


+27 6273 
+27 9700 
28) 2297 
+28 3638 
+28 3683 


+28 2703 
+28 1133 


B31 


— 4054 
— 4056 
— 4058 
— 4060 
— 4061 


— 4063 
— 4065 
— 4069 
— 4073 
— 4079 


— 4085 
— 4091 
— 4096 
— 4100 
— 4102 


— 4104 
— 4105 
— 4106 


— 4108 


— 4110 


— 4113 
— 4117 
= FO 
— 4125 
— 4130 


— 4134 
— 4138 
— 4141 
— 4143 
— 4144 


— 4145 
— 4146 
~ 4147 
— 4148 
— 4151 


— 4154 
— 4159 
— 4164 
— 4169 
— 4174 


— 4178 
— 4180 
— 4181 
— 4181 
— 4182 


— 4183 
— 4184 


CIRiskG=iC3 7 Ys 'Gae 


B32 


Feb. 


Mar. 


Apr. 


15 
16 
17 
18 
19 


20 


23 
24 


2 


FRAME BIAS, PRECESSION AND NUTATION, 2009 


— 26323 
— 26336 
— 26354 
=26375 
— 26398 


— 26421 
— 26443 
— 26461 
— 26476 
— 26486 


—26491 
— 26493 
— 26493 
— 26494 
— 26498 


—26507 
— 26524 
— 26546 
=26573 
— 26602 


— 26628 
— 26648 
— 26661 
— 26666 
— 26667 


— 26665 
— 26665 
— 26669 
— 26678 
— 26691 


— 26709 
— 26729 
—26750 
— 26770 
— 26788 


— 26802 
— 26812 
—26817 
— 26818 
—26817 


—26815 
— 26817 
— 26824 
— 26839 
— 26860 


— 26886 
—26914 


MATRIX ELEMENTS FOR CONVERSION FROM 
GCRS TO EQUATOR AND EQUINOX OF DATE 
FOR 0° TERRESTRIAL TIME 


Mi2 


—2104 4488 
—2104 9820 
—2105 6878 
—2106 5253 
—2107 4382 


—2108 3619 
21090301 
—2109 9815 
—2110 5679 
—2110 9633 


Se 23 
—2111 2362 
—2111 2308 
=p 2563 
—2111 4181 


—2111 8025 
~2112 4538 
= 21138577 
—2114 4382 
—2115 5688 


—2116 6018 
—2117 4077 
—2117 9148 
—2118 1330 
—2118 1476 


—2118 0879 
—2118 0839 
—2118 2310 
—2118 5749 
—2119 1140 


SLOT SG 
—2120 6102 
—2121 4433 
—2122 2436 
—2122 9497 


21235112 
—2123 8955 
—2124 0960 
—2124 1391 
—2124 0889 


—2124 0418 
—2124 1108 
—2124 3974 
—2124 9610 
—2125 7966 


—2126 8309 
—2127 9389 


Mi 3 


914 2598 
914 4915 
914 7981 
915 1618 
915 5582 


915 9592 
916 3362 
916 6625 
916 9174 
917 0893 


917 1806 
917 2089 
917 2071 
917 2188 
917 2895 


917 4568 
O17 139i 
918 1322 
918 6012 
919 0919 


919 5404 
919 8903 
920 1108 
920 2060 
9202129 


920 1876 
920 1865 
920 2509 
920 4005 
920 6349 


920 9379 
921 2847 
921 6465 
921 9940 
922 3007 


922 5447 
922 7120 
922 7995 
922 8188 
922 7976 


922 7778 
922 8083 
922 9331 
923 1780 
923 5409 


923 9899 
924 4708 


Mp1 


+2104 4222 
+2104 9556 
+2105 6614 
+2106 4991 
+2107 4120 


+2108 3356 
+2109 2036 
+2109 9548 
+2110 5410 
+2110 9361 


+2111 1449 
+2111 2086 
so 2032 
+2111 2288 
+2111 3907 


+2111 7753 
+2112 4268 
211313309 
+2114 4114 
+2115 5420 


+2116 5748 
+2117 3804 
+2117 8873 
+2118 1052 
seals ALOT. 


+2118 0601 
+2118 0562 
+2118 2034 
+2118 5476 
+2119 0869 


+2119 7847 
+2120 5834 
+2121 4164 
aed? Qi Oi] 
22 9207], 


+2123 4840 
+2123 8681 
+2124 0684 
+2124 1115 
+2124 0612 


+2124 0143 
+2124 0835 
+2124 3703 
+2124 9342 
+2125 7702 


+2126 8046 
+2127 9126 


Mo2-1 Mo3 

—22147 —30 0374 
—22159 —29 8688 
—22173 —29 7285 
—22191 —29 6469 
—22210 —29 6431 
—22230 —29 7242 
—22248 —29 8859 
—22264 —30 1119 
—22277 —30 3752 
—22285 —30 6400 
—22289 —30 8660 
—22291 —31 0153 
—22291 —31 0606 
—22291 —30 9929 
—22295 —30 8265 
—22303 —30 5989 
—22316 —30 3644 
—22335 —30 1832 
—22358 —30 1065 
—22382 —30 1624 
—22404 —30 3453 
—22421 —30 6142 
—22432 —30 9023 
—22437 —31 1372 
—22437 —31 2632 
—-22436 —31 2568 
—22436 —31 1297 
—22439 —30 9194 
—22446 —30 6745 
—22457 —30 4421 
—22472 —30 2593 
—22489 —30 1502 
—22507 —30 1252 
—22524 —30 1824 
—22539 —30 3085 
—22551 —30 4800 
—22559 —30 6648 
—22563 —30 8243 
—22564 —30 9188 
—22563 —30 9146 
—22562 —30 7937 
—22563 —30 5620 


—22569 —302527 
—22581 —29°9211 
—22599 —29\6318 


—22621 —29 4407 
—22644 —29 3790 


PEPE FHS H PEE FH EEE FHP EE HEH EH EE Et FEE Ft es 


+ 


M31 


914 3209 
914 5524 
914 8587 
O15 2222 
915 6186 


916 0198 
916 3972 
916 7240 
916 9794 
917 1520 


917 2437 
917 2723 
917 2706 
917 2822 
917 3525 


OUT S193 
917 8018 
918 1939 
918 6628 
919 1537 


919 6025 
919 9531 
920 1742 
920 2699 
920 2771 


920 2518 
920 2504 
920 3143 
920 4635 
920 6973 


921 0000 
921 3466 
921 7083 
922 0560 
922 3630 


922 6074 
922 7750 
922 8629 
922 8824 
922 8612 


922 8411 
922 8711 
922 9953 
923 2395 
923 6018 


924 0504 
924 5313 


M32 


228 1133 
+27 9438 
+27 8022 
+27 7191 
+27 7136 


+27 1930 
21 9931 
+28 1777 
+28 4400 
+28 7040 


+28 9296 
+29 0788 
+29 1241 
+29 0563 
+28 8897 


+28 6613 
+28 4257 
+28 2428 
+28 1641 
+28 2180 


+28 3990 
+28 6663 
#2819935 
+29 1880 
+29 3140 


£29:3077 
+29 1806 
+28 9700 
+28 7245 
+28 4911 


+28 3071 
+28 1965 
+28 1699 
+28 2256 
+28 3504 


+28 5209 
+28 7050 
+28 8642 
+28 9585 
+28 9544 


+28 8336 
+28 6018 
+28 2919 
21.9993 
+27 6685 


+27 4754 
+27 4117 


M3 3-1 


4184 
4186 
4189 
4192 
4196 


4199 
4203 
4206 
4208 
4210 


4211 
4211 
4211 
4211 
4212 


4213 
4216 
4219 
4224 
4228 


4232 
4236 
4238 
4239 
4239 


4239 
4239 
4239 
4240 
4242 


4245 
4248 
4252 
4255 
4258 


4260 
4262 
4263 
4263 
4263 


4262 
4263 
4264 
4266 
4269 


4273 
4278 


M = NPB. Values are in units of 107!9. Matrix used with GAST (B13-B20). CIP is X = M31, ¥ = M3 2. 


Julian 
Date 


245 
4877.5 
4878-5 
4879-5 
4880-5 
4881-5 


4882-5 
4883-5 
4884.5 
4885.5 
4886-5 


4887-5 
4888-5 
4889.5 
4890-5 
4891-5 


4892-5 
4893.5 
4894.5 
4895.5 
4896.5 


4897-5 
4898-5 
4899.5 
4900-5 
4901-5 


4902-5 
4903-5 
4904.5 
4905.5 
4906-5 


4907-5 
4908-5 
4909.5 
4910-5 
4911-5 


4912-5 
4913-5 
4914-5 
4915.5 
4916-5 


4917-5 
4918-5 
4919.5 
4920-5 
4921-5 


4922-5 
4923-5 


FRAME BIAS, PRECESSION AND NUTATION, 2009 


GCRS TO EQUATOR & CELESTIAL INTERMEDIATE ORIGIN OF DATE 
FOR 0" TERRESTRIAL TIME 


@,i-1 


— 4180 
— 4182 
— 4185 
— 4188 
— 4192 


— 4195 
— 4199 
— 4202 
— 4204 
— 4206 


ae 4207 
— 4207 
— 4207 
— 4207 
— 4208 


— 4209 
— 4212 
= 4215 
— 4220 
— 4224 


— 4228 
= 4232 
— 4234 
— 4234 
= 4235 


— 4234 
— 4234 
— 4235 
— 4236 
-31:4038 


— 4241 
— 4244 
— 4248 
Bro 
— 4254 


— 4256 
— 4258 
— 4258 
— 4259 
— 4258 


— 4258 
— 4258 
— 4260 
— 4262 
— 4265 


— 4269 
BUAoTA 


Values are in units of 10~!°. Matrix used with ERA (B21-B24). 


MATRIX ELEMENTS FOR CONVERSION FROM 


Ci 2 


== L277) 
S22) 
= |? 
=) 
22) 


22 
= NI23: 
=123 
123 
128 


le 
=123 
= 13) 
Se! 
8: 


= 13} 
eee 
lye) 
= 123 
= NS) 


S148) 
— 124 
— 124 
—124 
— 124 


— 124 
— 124 
— 124 
— 124 
— 124 


yy! 
S104 
04 
0A 
—124 


S124 
=104 
—124 
21904 
=124 


— 124 
— 124 
— 124 
— 124 
=125 


— JVs) 
=125 


C3 


914 3209 
914 5524 
914 8587 
915 2222 
915 6186 


916 0198 
916 3972 
916 7240 
916 9794 
917 1520 


917 2437 
OUTR27 23 
917 2706 
917 2822 
OMFESS25 


917 5193 
917 8018 
918 1939 
918 6628 
919 1537 


919 6025 
919 9531 
920 1742 
920 2699 
O20 TAA 


920 2518 
920 2504 
920 3143 
920 4635 
920 6973 


921 0000 
921 3466 
921 7083 
922 0560 
922 3630 


922 6074 
922 7750 
922 8629 
922 8824 
922 8612 


922 8411 
922 8711 
99ON9953 
923) 2395 
923 6018 


924 0504 
924 5313 


Cx Cy 


= 1135) 
a3 4! 
E132 
ls 
=i 3il 


= 1137 
— 134 
SS 
— 138 
— 141 


=143 
—144 
—144 
—144 
—142 


— 140 
— 138 
== 11316) 
36 
— 136 


= 11338) 
— 140 
— 143 
— 145 
— 146 


— 146 
— 145 
— 143 
— 141 
39 


= Sif 
— 136 
— 136 
— 136 
= 137 


— 139 
—141 
and2 
~143 
—143 


— 142 
— 140 
31 
— 134 
31 


=129 
= 129 


RR HAHAH HFPHHH HHPHRHH HPHAH HAPHAH HAHAHA H HFA HKHA HFPHRHH HAHAH 


C23 


=28' 133 
—27 9438 
—27 8022 
SP TWAS 
=a) M36 


7 1930 
== ie O5eil 
= 28" WT 
—28 4400 
—28 7040 


—28 9296 
—29 0788 
—29 1241 
—29 0563 
—28 8897 


—28 6613 
—28 4257 
—28 2428 
—28 1641 
—28 2180 


—28 3990 
—28 6663 
=28) 9585) 
—29 1880 
—29 3140 


=29' 3077 
—29 1806 
—28 9700 
—28 7245 
—28 4911 


— 28 3071 
—28 1965 
—28 1699 
—28 2256 
—28 3504 


—28 5209 
—28 7050 
—28 8642 
—28 9585 
—28 9544 


— 28 8336 
—28 6018 
—28 2919 
—27 9593 
—27 6685 


—27 4754 
—27 4117 


+H FH HEHEHE FHEEHH FHE+FHEH FHHFHH F+4+4¢4+ 4444+ 


— 


C31 


914 3209 
914 5524 
914 8587 
915) 2222 
915 6186 


916 0198 
916 3972 
916 7240 
916 9794 
917 1520 


917 2437 
OT! WIS, 
917 2706 
917 2822 
OU 3525 


SESS 
917 8018 
918 1939 
918 6628 
SIOMISSi 


919 6025 
ONOR95 31 
920 1742 
920 2699 
20RTT 


920 2518 
920 2504 
920 3143 
920 4635 
920 6973 


921 0000 
921 3466 
921 7083 
922 0560 
922 3630 


922 6074 
922 7750 
922 8629 
922 8824 
922 8612 


922 8411 
922 8711 
DDE 9953 
923 2395 
923 6018 


924 0504 
924 5313 


= Lom 3 
+27 9438 
+27 8022 
spe, ANS 
+27 7136 


= 2930 
aya) SSy3)! 
= 28liTa 
+28 4400 
+28 7040 


+28 9296 
+29 0788 
+29 1241 
+29 0563 
+28 8897 


+28 6613 
+28 4257 
+28 2428 
+28 1641 
+28 2180 


+28 3990 
+28 6663 
+28 9535 
+29 1880 
+29 3140 


+29 3077 
+29 1806 
+28 9700 
+28 7245 
+28 4911 


+28 3071 
+28 1965 
+28 1699 
+28 2256 
+28 3504 


+28 5209 
+28 7050 
+28 8642 
+28 9585 
+28 9544 


+28 8336 
+28 6018 
+28 2919 
+277 9593 
+27 6685 


+27 4754 
+27 4117 


B33 


CIPS aia = Oa 


B34 


Date 
0° TT 


Apr. 


May 


9 
10 


18 
19 
20 


21 
22 
23 
24 
25 


FRAME BIAS, PRECESSION AND NUTATION, 2009 


M,1-1 


— 26886 
— 26914 
— 26940 
— 26961 
— 26976 


— 26984 
— 26986 
— 26985 
— 26985 
— 26988 


—26996 
SOUS) 
2 O27 
— 27048 
—27071 


— 27094 
—27114 
=27132 
—27145 
=2Z7S4 


OSD, 
LOL 
—27163 
—27166 
—27174 


PPE AN) 
=i f[Aled 
—27242 
—27274 
—27305 


— 21832 
—IBS2 
— 27364 
2 Oa 
= EHS 


=271379 
OOS) 
=21395 
—27410 
—27431 


—27456 
—27482 
=271509 
=27535 
—27558 


= PENI} 
TS 


MATRIX ELEMENTS FOR CONVERSION FROM 
GCRS TO EQUATOR AND EQUINOX OF DATE 
FOR 0° TERRESTRIAL TIME 


M2 


—2126 8309 
SPINDLT) SVaXs39) 
—2128 9770 
—2129 8202 
—2130 3943 


—2130 6933 
—2130 7780 
—2130 7565 
2130528 
— 2130 8720 


—2131 1824 
— Se Ol9 
—2132 4064 
—2133 2423 
—2134 1409 


— 213510312 
—2135 8484 
—2136 5398 
= 2137/0695 
—2137 4240 


—2137 6172 
—2137 6969 
—2137 7456 
PAB) MIZE) 
—2138 1943 


—2138 7967 
—2139 7034 
—2140 8561 
—2142 1260 
—2143 3539 


—2144 3987 
—2145 1761 
—2145 6741 
—2145 9470 
—2146 0938 


—2146 2306 
—2146 4634 
—2146 8678 
—2147 4774 
—2148 2837 


—2149 2433 
—2150129141 
— 2S 537 
—2152 3615 
—2153)2569 


—2153'9999 
—2154 5727 


M3 


923 9899 
924 4708 
924 9215 
925 2876 
D237 


925 6673 
925 7047 
925 6959 
925 6947 
925 7472 


925 8824 
926 1082 
926 4142 
926 7772 
927 1673 


927 5539 
927 9088 
928 2091 
928 4394 
928 5936 


928 6780 
928 7131 
928 7348 
928 7907 
928 9306 


929 1923 
929 5860 
930 0863 
930 6375 
931 1704 


931 6240 
931 9616 
932 1781 
932 2970 
932 3612 


932 4211 
932 5226 
932 6985 
932 9634 
933 3136 


933 7302 
934 1850 
934 6463 
935 0838 
935 4726 


935 71953 
936 0442 


M) 1 


+2126 8046 


+2127 9126 —22644 —29 3790 


+2128 9506 
4-2) TSI) 
+2130 3676 


+2130 6664 
+2130 7511 
+2130 7296 
+2130 7256 
+2130 8456 


+2131 1562 
+2131 6760 
+2132 3808 
+2133 2169 
+2134 1156 


+2135 0060 
=p2lS588232 
+2136 5144 
+2137 0441 
+2137 3984 


+2137 5916 
+2137 6713 
+2137 7201 
+2137 8477 
+2138 1694 


+2138 7721 
2S 96792 
+2140 8321 
+2142 1022 
+2143 3301 


+2144 3748 
+2145 1521 
+2145 6500 
+2145 9228 
+2146 0697 


+2146 2066 
+2146 4396 
+2146 8443 
+2147 4543 
+2148 2609 


+2149 2207 
+2150 2687 
+2151 3314 
S25 23392 
+2153 2345 


+2153 9774 
+2154 5501 


Mo2—-1 Mo3 

—22621 —29 4407 
—22667 —29 4446 
—22685 —29 6026 
—22697 —29 7945 
—22703 —29 9547 
—22705 —30 0270 
—22705 —29 9793 
—22704 —29 8096 
—22707 —29 5433 
—22713 —29 2236 
—22724 —28 8991 
—22739 —28 6125 
—22757 —28 3945 
—22776 —28 2609 
—22795 —28 2133 
—22813 —28 2408 
—22828 —28 3226 
—22839 —28 4297 
—22846 —28 5268 
—22851 —28 5760 
—22852 —28 5415 
—22853 —28 3975 
—22856 —28 1376 
—22863 —27 7828 
--22876 —27 3829 
—22895 —27 0063 
—22919 —26 7204 
—22947 —26 5688 
—22973 -—-26 5570 
—22995 —26 6520 
~23012 —26 7950 
—23023 —26 9199 
—23029 —26 9705 
—23032 —26 9127 
—23035 —26 7390 
—23040 —26 4672 
— 23048 —26 1332 
—23061 —25 7819 
—23078 —25 4572 
—23099 —25 1940 
—23121 —25 0138 
—23144 —24 9230 
—23166 —24 9140 
—23185 —24 9683 
—23201 —25 0586 
—23214 —25 1521 


+ e+ H+H Ht HHH HHH HH HHH HH HHHHt HFHHHH HHH HH HHH 44 FHH 44 


+ 


M31 


924 0504 
924 5313 
924 9821 
925 3486 
925 5985 


925 7290 
925 7665 
925 7577 
925 7561 
925 8081 


925 9425 
926 1677 
926 4731 
926 8356 
927 2256 


927 6121 
927 9670 
928 2675 
928 4980 
928 6525 


928 7370 
928 7720 
928 7934 
928 8487 
928 9879 


929 2488 
929 6417 
930 1414 
930 6923 
931 2252 


931 6790 
932 0169 
932 2337 
932.3527 
932 4168 


932 4763 
932 5773 
932 7525 
933 0166 
933 3661 


933 7822 
934 2367 
934 6978 
935 1353 
935 5242 


935 8471 
936 0962 


M32 


+27 4754 
+27 4117 
+27 4754 
+27 6318 
Aoi 221 


+27 9823 
+28 0545 
+28 0069 
27 8371 
+27 5706 


+27 2503 
+26 9248 
+26 6370 
+26 4174 
+26 2822 


+26 2328 
+26 2589 
+26 3394 
+26 4455 
+26 5419 


+26 5908 
+26 5561 
+26 4120 
+26 1519 
+25 7965 


25° 3955 
+25 0172 
+24 7292 
+24 5752 
+24 5611 


+24 6541 
+24 7957 
+24 9197 
+24 9698 
+24 9117 


+24 7378 
+24 4655 
+24 1307 
+23 7783 
+23 4521 


+23 18/2 
+23 0050 
+22 9122 
+22 9014 
+22 9540 


+23 0428 
+23 1353 


M33-—1 


4273 
4278 
4282 
4285 
4288 


4289 
4289 
4289 
4289 
4289 


4291 
4293 
4295 
4299 
4302 


4306 
4309 
4312 
4314 
4316 


4316 
4317 
4317 
4317 
4318 


4321 
4324 
4329 
4334 
4339 


4343 
4346 
4348 
4350 
4350 


4351 
4351 
4353 
4355 
4359 


4362 
4367 
4371 
4375 
4379 


4382 
4384 


M = NPB. Values are in units of 10~!°. Matrix used with GAST (B13-B20). CIP is X% = M31, % = M32. 


Julian 
Date 


245 
4922-5 
4923.5 
4924.5 
4925.5 
4926.5 


4927.5 
4928.5 
4929.5 
4930-5 
4931-5 


4932-5 
4933.5 
4934-5 
4935.5 
4936-5 


4937-5 
4938.5 
4939.5 
4940-5 
4941-5 


4942.5 
4943.5 
4944.5 
4945.5 
4946-5 


4947.5 
4948-5 
4949.5 
4950-5 
4951-5 


4952-5 
4953-5 
4954-5 
4955.5 
4956-5 


4957-5 
4958.5 
4959.5 
4960-5 
4961-5 


4962-5 
4963-5 
4964.5 
4965.5 
4966-5 


4967°5 
4968-5 


FRAME BIAS, PRECESSION AND NUTATION, 2009 


GCRS TO EQUATOR & CELESTIAL INTERMEDIATE ORIGIN OF DATE 
FOR 0° TERRESTRIAL TIME 


C;i-1 


— 4269 
FAnTA 
— 4278 
— 4281 
— 4284 


— 4285 
— 4285 
— 4285 
— 4285 
— 4286 


— 4287 
— 4289 
4292 
— 4295 
— 4299 


— 4302 
— 4306 
— 4308 
— 4311 
— 4312 


=~ 4313. 
— 4313 
— 4313 
— 4314 
— 4315 


— 4318 
— 4321 
— 4326 
— 4331 
— 4336 


— 4340 
— 4343 
— 4345 
— 4346 
— 4347 


— 4348 
— 4349 
— 4350 
— 4353 
— 4356 


— 4360 
— 4364 
— 4368 
— 4372 
— 4376 


=74379 
— 4381 


Values are in units of 10~!9. Matrix used with ERA (B21-B24). 


MATRIX ELEMENTS FOR CONVERSION FROM 


C2 


= 5) 
iS) 
= 2s) 
1S 
25 


=1125 
= 2s) 
= IPS) 
= ies) 
2s) 


= PIS) 
DS 
= es 
25 
—126 


=126 
—126 
126 
— 126 
= 126 


= 126 
— 126 
= 126 
=126 
— 126 


126 
= LS} 
—126 
= NXE 
=127 


OT 
= 127 
oe 
ay, 
= 123 


= Iai 
= ay 
—127 
—127 
wy] 


L2H 
= 127 
— 127 
— 128 
=128 


— 128 
— 128 


Ci 3 


924 0504 
924 5313 
924 9821 
925 3486 
925 5985 


925 7290 
925 7665 
SPS TG 
925 7561 
925 8081 


925 9425 
926 1677 
926 4731 
926 8356 
927 2256 


927 6121 
927 9670 
928 2675 
928 4980 
928 6525 


928 7370 
928 7720 
928 7934 
928 8487 
928 9879 


929 2488 
929 6417 
930 1414 
930 6923 
9312252 


931 6790 
932 0169 
93292337) 
OB2aBo2/ 
932 4168 


932 4763 
93205773 
BY) I py) 
933 0166 
933 3661 


OBST S22 
934 2367 
934 6978 
935.1855 
935 5242 


935 8471 
936 0962 


Cri Cr2-1 


129 
129 
129 
131 
132 


134 
13}s) 
134 
133 
130 


127 
124 
121 
119 
118 


118 
118 
ee) 
120 
121 


121 
121 
HAS) 
117 
114 


110 
106 
104 
102 
102 


103 
104 
105 
106 
105 


104 
101 
98 
95 
92 


89 
88 
87 
87 
87 


88 
89 


wo wWwwoth Fh HAHAH HAHAHAHA 


WwW WWW WwW WwW Www pA RWW WwW 


WwW 


w 


3 


—27 4754 
—27 4117 
—27 4754 
=P) (Seilkess 
= 8227, 


IT] Sroy23) 
—28 0545 
—28 0069 
= ai) {i851/\I 
—27 5706 


= 27 2503 
—26 9248 
—26 6370 
—26 4174 
— 26 2822 


—26 2328 
—26 2589 
—26 3394 
— 26 4455 
— 26 5419 


— 26 5908 
—26 5561 
—26 4120 
= Ovi) 
291/965 


= 25,3999 
0 ON 
— 24 7292 
— 24 5752 
— 24 S611 


— 24 6541 
= 241955) 
— 24 9197 
— 24 9698 
— 24 9117 


— 24 7378 
— 24 4655 
—24 1307 
— Wey They) 
—23 4521 


Pay Mey 
— 23 0050 
i SUE, 
—22 9014 
— 22 9540 


—23 0429 
3S 1 3)5)3) 


tH EEE HE HHH HHEFHEHE FHEtHH FHEHHEH FHEtHtHt HH+tHH HF+F4F44 ¢4+4++4++4+ 


C3 


924 0504 
924 5313 
924 9821 
925 3486 
925 5985 


925 7290 
925 7665 
SPS) TST 
925 7561 
925 8081 


925 9425 
926 1677 
926 4731 
926 8356 
927 2256 


927 6121 
927 9670 
928 2675 
928 4980 
928 6525 


928 7370 
928 7720 
928 7934 
928 8487 
928 9879 


929 2488 
929 6417 
930 1414 
930 6923 
OS IE2252 


931 6790 
932 0169 
93272337] 
932730271 
932 4168 


932 4763 
93213 
93271529 
933 0166 
933 3661 


933 7822 
934 2367 
934 6978 
Cs) 1:3)5)3) 
935 5242 


935 8471 
936 0962 


C32 


+27 4754 
+27 4117 
+27 4754 
+27 6318 
+27 8227 


+27 9823 
+28 0545 
+28 0069 
+27 8371 
+27 5706 


+ 2 2503 
+26 9248 
+26 6370 
+26 4174 
+26 2822 


+26 2328 
+26 2589 
+26 3394 
+26 4455 
+26 5419 


+26 5908 
+26 5561 
+26 4120 
+26 1519 
+25 7965 


ap 2a) SSIS) 
aires) ONY 
+24 7292 
+24 5752 
+24 5611 


+24 6541 
+24 7957 
+24 9197 
+24 9698 
+24 9117 


+24 7378 
+24 4655 
+24 1307 
+23 7783 
+23 4521 


= 23) 1872 
+23 0050 
+22 9122 
+22 9014 
+22 9540 


+23 0428 
sp3) 1313 


B35 


C33—1 


— 4273 
— 4278 
— 4282 
— 4285 
— 4288 


— 4289 
— 4289 
— 4289 
— 4289 
— 4289 


— 4291 
— 4293 
— 4295 
— 4299 
— 4302 


— 4306 
— 4309 


— 4312 


— 4314 
— 4316 


— 4316 
— 4317 
= 437 
— 4317 
— 4318 


4301 
— 4324 
— 4329 
— 4334 


— 4339 


— 4343 
— 4346 


— 4348 
— 4350 
— 4350 


— 4351 
— 4351 
— 4353 
— 4355 
= 4359 


— 4362 
— 4367 
— 4371 
— 4375 
— 4379 


— 4382 
— 4384 


CMIPIG 26 —= (Cerri Phe (C45) 


B36 


June 


July 


22 
23 
24 
25 
26 


27 
28 
29 
30 
31 


1 
2 


FRAME BIAS, PRECESSION AND NUTATION, 2009 


MATRIX ELEMENTS FOR CONVERSION FROM 
GCRS TO EQUATOR AND EQUINOX OF DATE 
FOR 0° TERRESTRIAL TIME 


M,i-1 M)2 

—27592 —2154 5727 
—27602 —2154 9820 
—27610 —2155 2635 
—27615 —2155 4833 
—27622 —2155 7363 
—27632 —2156 1353 
—27649 —2156 7858 
—27673 —2157 7499 
—27706 —2159 0108 
—27743 —2160 4610 
—27781 —2161 9301 
—27814 —2163 2434 
—27841 —2164 2816 
—27860 —2165 0122 


—27872 —2165 4842 
—27880 —2165 7995 


—27887 —2166 0777 
—27896 —2166 4280 
—27909 —2166 9297 
—27927 —2167 6238 
—27950 —2168 5120 
—27977 —2169 5614 
—28007 —2170 7144 
—28037 —2171 9002 
—28067 —2173 0466 
—28094 —2174 0907 
—28117 —2174 9868 
—28136 —2175 7116 
—28150 —2176 2669 
—28161 —2176 6814 
—28170 —2177 0105 
—28178 —2177 3349 
—28189 —2177 7540 
—28205 —2178 3718 
—28228 —2179 2711 
—28259 —2180 4798 
—28297 —2181 9416 
—28338 —2183 5130 
—28377 —2185 0031 
—28409 —2186 2438 
—28433 —2187 1517 
—28448 —2187 7482 
—28458 —2188 1334 
—28466 —2188 4401 
=28475' — 2188) 7917 
—28488 —2189 2778 
—28505 —2189 9459 


Mi 3 


936 0442 
936 2223 
936 3449 
936 4408 
936 5511 


936 7246 
937 0072 
937 4258 
937 9730 
938 6023 


939 2398 
939 8098 
940 2604 
940 5778 
940 7830 


940 9203 
941 0415 
941 1940 
941 4121 
941 7136 


942 0992 
942 5547 
943 0552 
943 S699 
944 0675 


944 5207 
944 9098 
945 2246 
945 4660 


= 945 6462 


945 7895 
945 9307 
946 1130 
946 3815 
946 7719 


947 2965 
947 9309 


- 948 6127 


949 2593 
949 7978 


950 1920 
950 4511 
950 6188 
950 7523 
950 9053 


951 1166 
951 4069 


Mo1 Mo2—1 
+2154 5501 —23214 
+2154 9594 —23222 
+2155 2408 —23229 
+2155 4607 —23233 
+2155 7140 —23239 
+2156 1132 —23247 
+2156 7641 —23261 
+2157 7285 —23282 
+2158 9897 —23309 
+2160 4401 —23340 
+2161 9092 —23372 
+2163 2224 —23400 
+2164 2604 —23423 
+2164 9908 —23439 
+2165 4627 —23449 
+2165 7780 —23456 
+2166 0564 —23462 
+2166 4069 —23469 
+2166 9088 —23480 
+2167 6032 —23495 


+2168 4916 —23514 


2169 5412 —23537 
+2170 6944 —23562 
+2171 8802 —23588 
+2173 0266 —23613 
+2174 0706 —23635 
+2174 9666 —23655 
+2175 6912 —23671 
+2176 2464 —23683 
+2176 6608 —23692 
+2176 9900 —23699 
+2177 3144 —23706 
21777337 23715 
2178/3518 =23729 
+2179 2513 —23748 
+2180 4603 —23774 
+2181 9223 —23806 
+2183 4937 —23841 
+2184 9836 —23873 
+2186 2241 —23900 
+2187 1318 —23920 
+2187 7280 —23933 
+2188 1132 —23942 
+2188 4199 —23948 
+2188 7715 —23956 


+2189 2578 —23967 
+2189 9261 —23981 


M23 


— 252 
—25 2134 
—25 2081 
—25 1081 
—24 8985 


—24 5864 
—24 2065 
—23 8202 
—23 5018 
—23 3130 


— 23:27 91 
—23 300i. 
—23 5490 
3) 1S) 
—23 8238 


—23 8240 
237097 
—23 4961 
—23 2162 
=22, 0109 


—22 6258 
= 2273939 
—22 2411 
—221982 
=222019 


—22 2961 
—22 4352 
=225875 
= 227189 
=22°57962 


227798 
—22 6883 
—22 4846 
=22 2017 
—21 8855 


—21 6026 
—21 4234 
—21 3964 
—21 5247 
= 27612 


—22 0269 
—22 2427 
—22 3548 
—22 3451 
—22,2265 


—22 0329 
—21 8072 


++ FP H+ FH+ tH HHH HH HHP HH FFF HH+ £4444 44444 44444 44444 


M31 


936 0962 
936 2744 
936 3970 
936 4927 
936 6026 


936 1755 
937 0573 
937 4750 
938 0215 
938 6505 


939 2880 
939 8581 
940 3092 
940 6269 
940 8324 


940 9697 
941 0907 
941 2426 
941 4602 
941 7610 


942 1460 
942 6011 
943 1013 
943 6158 
944 1135 


944 5670 
944 9564 
945 2715 
945 5132 
945 6936 


945 8369 
945 9779 
946 1598 
946 4276 
946 8174 


947 3414 
947 9753 
948 6571 
949 3041 
949 8431 


950 2379 
950 4975 
950 6654 
950 7989 
950 9517 


951 1626 
951 4524 


M32 


423). 1353 
231958 
+23 1900 
+23 0896 
22 8795 


+22 5666 
+22 .1855 
+e 7975 
+21 4766 
421 2851 


+21 2485 
+21 3446 
+21 5140 
+21 6826 
+21 7865 


+21 7861 
+21 6713 
+21 4570 
+21 1762 
+20 8706 


+20 5828 
+20 3490 
+20 1940 
+20 1288 
+20 1503 


+20 2425 
+20 3800 
+20 5310 
+20 6612 
+20 7377 


+20 7327 
+20 6287 
+20 4242 
420 1400 
+19 8222 


+19 5370 
+19:3551 
ef £9: 3251 
+19 4505 
+19 6846 


+19 9486 
+20 1633 
+20 2747 
+20 2644 
+20 1451 


+19 9506 
+19 7236 


4463 
4467 
4470 
4472 
4474 


4475 
4476 
4478 
4481 
4484 


4489 
4495 
4502 
4508 
4513 


4517 
4519 
4521 
4522 
4524 


4526 
4528 


M = NPB. Values are in units of 107'°. Matrix used with GAST (B13-B20). CIP is X% = M3,1, ¥ = Mj». 


Julian 
Date 


245 
4968.5 
4969.5 
4970-5 
4971.5 
4972-5 


4973-5 
4974.5 
4975.5 
4976-5 
4977.5 


4978-5 
4979.5 
4980-5 
4981-5 
4982-5 


4983-5 
4984.5 
4985.5 
4986.5 
4987-5 


4988-5 
4989-5 
4990-5 
4991.5 
4992-5 


4993.5 
4994.5 
4995.5 
4996.5 
4997.5 


4998-5 
4999.5 
5000-5 
5001-5 
5002-5 


5003-5 
5004-5 
5005-5 
5006-5 
5007-5 


5008-5 
5009-5 
5010-5 
5011-5 
5012-5 


5013-5 
5014-5 


FRAME BIAS, PRECESSION AND NUTATION, 2009 


GCRS TO EQUATOR & CELESTIAL INTERMEDIATE ORIGIN OF DATE 
FOR 0° TERRESTRIAL TIME 


Ci1-1 


— 4381 
— 4383 
— 4384 
— 4385 
— 4386 


— 4388 
— 4390 
— 4394 
— 4399 
— 4405 


— 4411 
0447 
— 4421 
— 4424 
— 4426 


— 4427 
— 4428 
— 4430 
— 4432 
— 4435 


— 4438 
— 4442 
— 4447 
— 4452 
— 4457 


— 4461 
— 4465 
— 4468 
— 4470 
BiAg72 


— 4473 
— 4474 
— 4476 
— 4479 
— 4482 


— 4487 
— 4493 
— 4500 
— 4506 
— 4511 


— 4515 
— 4517 
— 4519 
— 4520 
— 4522 


— 4524 
— 4526 


Values are in units of 10~!9. Matrix used with ERA (B21-B24) 


MATRIX ELEMENTS FOR CONVERSION FROM 


Ci2 


28 
—128 
—128 
—128 
— 128 


= 128 
—128 
— 128 
128 
= 128 


=128 
— 129 
=l29 
= 1129 
= 11S) 


129 
—1129 
129 
alo 
= 1129 


= 129 
= 129 
Sy 
=129 
—129 


1130. 
130 
— A S10) 
— 130 
= 1150) 


=130 
— 130 
130; 
1130) 
— 130 


— 130 
— 130 
— 130 
150) 
= 15il 


—131 
—131 
=—131 
—131 
= 131 


—131 
=—131 


C\ 3 


936 0962 
936 2744 
936 3970 
936 4927 
936 6026 


936 7755 
O3TR0ST73 
937 4750 
938 0215 
938 6505 


939 2880 
939 8581 
940 3092 
940 6269 
940 8324 


940 9697 
941 0907 
941 2426 
941 4602 
941 7610 


942 1460 
942 6011 
943 1013 
943 6158 
944 1135 


944 5670 
944 9564 
945 2715 
945 5132 
945 6936 


945 8369 
945 9779 
946 1598 
946 4276 
946 8174 


947 3414 
947 9753 
948 6571 
949 3041 
949 8431 


950 2379 
950 4975 
950 6654 
950 7989 
950 9517 


951 1626 
951 4524 


C21 Co,2-1 


=789 
= i) 
= hs) 
— 88 
— 86 


— 84 
= &h0) 
== TKS) 
= 78} 
— Ps 


= If 
=a 
— 74 
= 15 
== IG 


= TKS 
=) 75 
eS 
— 7K) 
— 68 


= 3 
=) 63 
= 61 
— 6k 
= 61 


=) 62 
= 163 
— 64 
= (50) 
= 169) 


= 06 
=1165 


=/57 


NNW NY WV NON wv nv WV NNNYN LY Nn NN WN NN NN WY NNN NY LY NNN NY WV NNN NY W WWW WwW Ww 


Cr 3 


= 28) 1358) 
= 713) MOS 
—23 1900 
— 23 0896 
PL STIS 


— 22 5666 
= 22) l859 
OTS 
—21 4766 
mal 285il 


—21 2485 
—21 3446 
—21 5140 
—21 6826 
—21 7865 


—21 7861 
—21 6713 
sel 4570 
7) AI KSY2 
— 20 8706 


—20 5828 
—20 3490 
—20 1940 
20) 1289 
—20 1503 


—20 2425 
— 20 3800 
— 20 5310 
—20 6612 
=20 7377 


20) 132i 
—20 6287 
—20 4242 
—20 1400 
— 19 8222 


— 19 5370 
—19 3551 
=19 32511 
—19 4505 
—19 6846 


—19 9486 
—20 1633 
—20 2747 
—20 2644 
—20 1451 


— 19 9506 
19) 1236 


C31 


936 0962 
936 2744 
936 3970 
936 4927 
936 6026 


936 7755 
937 0573 
937 4750 
938 0215 
938 6505 


+ 939 2880 
939 8581 
940 3092 
940 6269 
940 8324 


940 9697 
941 0907 
941 2426 
941 4602 
941 7610 


942 1460 
942 6011 
943 1013 
943 6158 
944 1135 


944 5670 
944 9564 
945 2715 
945 5132 
945 6936 


945 8369 
945 9779 
946 1598 
946 4276 
946 8174 


++4++4+ ¢4+4+44 


947 3414 
947 9753 
948 6571 
949 3041 
949 8431 


950 2379 
950 4975 
950 6654 
950 7989 
950 9517 


951 1626 
951 4524 


++ F+ttH FHHFtH F+FtH HFFHHH HFHHtt F+tHHe FH4 


4. 2311853, 
+23 1958 
+23 1900 
+23 0896 
+22 8795 


+22 5666 
+22 1855 
eet TSI 
+21 4766 
SEN PRS) 


+21 2485 
+21 3446 
+21 5140 
+21 6826 
+21 7865 


+21 7861 
+21 6713 
+21 4570 
+ 211762 
+20 8706 


+20 5828 
+20 3490 
+20 1940 
+20 1288 
+20 1503 


+20 2425 
+20 3800 
+20 5310 
+20 6612 
+ 20) 7377 


a 20M 
+20 6287 
+20 4242 
+20 1400 
+ 19 8222 


+19 5370 
+ LOS 551 
+ 193251 
+19 4505 
+19 6846 


+19 9486 
+20 1633 
+20 2747 
+20 2644 
+20 1451 


+19 9506 
+19 7236 


B37 


NCIPAgs M13 P= Cy 5 


B38 


Aug. 


18 
19 
20 


21 
22 
23 
24 
25 


26 
27 


M = NPB. Values are in units of 10~!9. Matrix used with GAST (B13-B20). 


FRAME BIAS, PRECESSION AND NUTATION, 2009 


MATRIX ELEMENTS FOR CONVERSION FROM 
GCRS TO EQUATOR AND EQUINOX OF DATE 
FOR 0° TERRESTRIAL TIME 


M;;-1 M),2 

—28488 —2189 2778 
—28505 —2189 9459 
—28528 —2190 8030 
—28554 —2191 8224 


—28584 —2192 9527 


—28614 —2194 1276 
—28644 —2195 2759 


—28672 —2196 3321 
—28696 —2197 2446 
SSIS PANT Ske335) 


—28729 —2198 5443 
—28740 —2198 9505 


—28748 —2199 2517 
SUES) PII) ayvAVT 
—28764 —2199 8465 
—28776 —2200 3236 
=—28795, —2200351 
— 28821 —2202 0293 
—28854 —2203 2927 
—28891 —2204 7337 
—28930 —2206 1906 
—28963 —2207 4784 


—28989 —2208 4577 
—29006 —2209 0900 


—29015 —2209 4439 
—29021 —2209 6549 
—29026 —2209 8685 
—29035 —2210 1974 
—29048 —2210 7045 
~29067 —2211 4038 
~29089 —2212 2716 
—29115 —2213 2584 
—29143 —2214 3003 
~29170 —2215 3281 
~29195 —2216 2756 
~29216 —2217 0879 
~29233 —2217 7288 
~29245 —2218 1863 
—29253 —2218 4769 
~29257 —2218 6454 
~29260 —2218 7606 
—29264 —2218 9080 
—29271 —2219 1772 
—29284 —2219 6473 
~29303 —2220 3692 
—29329 —2221 3467 
—29360 —2222 5228 


M3 


951 1166 
951 4069 
951 7791 
952 2216 
952, Fi22 


953 2222 
953 7206 
954 1791 
954 5753 
954 8962 


955m 99. 
955 3166 
955 4478 
955 5650 
955 7068 


955 9143 
956 2233 
956 6549 
957 2033 
957 8286 


958 4608 
959 0196 
959 4448 
959 7195 
959 8735 


959 9656 
960 0588 
960 2020 
960 4224 
960 7262 


961 1030 
961 5314 
961 9837 
962 4299 
962 8412 


963 1940 
963 4724 
963 6714 
963 7980 
963 8716 


963 9221 
963 9866 
964 1039 
964 3083 
964 6219 


965 0462 
965 5567 


Mo,1 M>2—1 
+2189 2578 —23967 
+2189 9261 —23981 
+2190 7834 —24000 
+2191 8030 —24022 
+2192 9334 —24047 
+2194 1082 —24673 
+2195 2565 —24098 
+2196 3125 —24121 
+2197 2249 —24141 
+2197 9634 —24158 
+2198 5241 —24170 
+2198 9301 —24179 
+2199 2313 —24186 
+2199 5002 —24192 
+2199 8261 —24199 
+2200 3034 —24209 
+2201 0151 —24225 
+2202 0094 —24247 
+2203 2730 —24274 
+2204 7140 —24306 
+2206 1708 —24338 
+2207 4583 —24367 
+2208 4373 —24388 
+2209 0693 —24403 
+2209 4229 —24410 
+2209 6339 —24415 
+2209 8475 —24420 
+2210 1766 —24427 
+2210 6838 —24438 
+2211 3833 —24454 
+2212 2512 —24473 
+2213 2381 —24495 
+2214 2799 —24518 
+2215 3075 —24540 
+2216 2548 —24562 
+2217 0670 —24580 
+2217 7076 —24594 
+2218 1649 —24604 
+2218 4553 —24611 
+2218 6235 —24614 
+2218 7387 —24617 
+2218 8861 —24620 
+2219 1555 —24626 


+2219 6258 —24636 
+2220 3478 —24652 


+2221 3254 —24674 
+2222 5016 —24700 


Mp3 


22/0329 
—21 8072 
S925, 
ADO 
—21NSBiL9 


—21 3264 
—21 4087 
= S662 
ae AN ITs: 
—22 0051 


=—222215 
2739 al 
—22 4860 
—22 4884 
—22 3943 


22 NT16 
Seo 
=21 7731 
—21 6226 
—21 5988 


= 295 
29953 
—22 3306 
—22 6485 
—22 8744 


—22 9702 
2219389 
—22 8133 
—22 6403 
—22 4676 


2213351 
—22 2714 
Seen PiSy | 
2273999 
—22 5848 


2258262 
—23 0947 
—23 3560 
=25 O10 
2823 


—23 7804 
= 2387399 
=2316135 
—23 4308 
— 2392369 


—23 0872 
—23 0358 


H+ ttt tt FEE HE HEHEHE HHHHH HEHEHE HEHEHE HEHE HHHHHe $4444 


M3 1 M32 


951 1626 +19 9506 
951 4524 +19 7236 
951 8241 +19 5071 
952 2663 +19 3380 
952 7567 +19 2426 


953 2667 +19 2349 
953:1093 4-19 3150 
954 2241 +19 4704 
954 6208 +19 6778 
954 9422 +19 9062 


955 1865 +20 1215 
955 3635 +20 2903 
955 4949 +20 3847 
955 6122 +20 3866 
955 7538 +20 2918 


955 9608 +20 1142 
956 2694 +19 8880 
956 7005 +19 6664 
957 2486 +19 5135 
957 8738 +19 4870 


958 5064 +19 6150 
959 0659 +19 8782 
959 4918 +20 2117 
959 7672 +20 5284 
959°9217 4=20°7536 


960 0140 4-20 8489 
960 1071 +20 8172 
960 2501 +20 6910 
960 4701 +20 5171 
960 7735 +20 3430 


961 1501 +20 2088 
961 5784 +20 1432 
962 0307 +20 1619 
962 4771 +20 2677 
962 8889 +20 4509 


963 2422 +20 6907 
9635213 +20°9579 
963 7208 +21 2184 
963 8479 +21 4374 
963 9218 +21 5852 


963 9725 +21 6416 
964 0369 +21 6008 
964 1539 +21 4740 
964 3580 +21 2903 
964 6711 +21 0950 


965 0951 +20 9435 
965 6056 +20 8898 


M3.3—1 


— 4526 
— 4528 
= GA532 
— 4536 
— 4541 


— 4545 
— 4550 
= =4599 
— 4558 
— 4562 


— 4564 
— 4566 
— 4567 
— 4568 
— 4569 


= 24574 
= 2454 
— 4578 
— 4584 
— 4590 


— 4596 
— 4601 
— 4605 
— 4608 
— 4609 


— 4610 
— 4611 
— 4613 
— 4615 
— 4617 


— 4621 
— 4625 
— 4630 
— 4634 
— 4638 


— 4641 
— 4644 
— 4646 
— \46a7 
— 4648 


— 4649 
— 4649 
— 4650 
— W452 
— 4655 


— 4659 
— 4664 


CIP is % = M31, %¥= M3. 


Julian 
Date 


245 
5013-5 
5014-5 
5015-5 
5016-5 
5017-5 


5018-5 
5019-5 
5020-5 
5021-5 
5022-5 


5023-5 
5024-5 
5025-5 
5026-5 
5027-5 


5028-5 
5029-5 
5030-5 
5031-5 
5032-5 


5033-5 
5034-5 
5035-5 
5036-5 
5037-5 


5038-5 
5039-5 
5040.5 
5041-5 
5042-5 


5043-5 
5044-5 
5045-5 
5046-5 
5047-5 


5048-5 
5049-5 
5050-5 
5051-5 
5052-5 


5053-5 
5054-5 
5055-5 
5056-5 
5057-5 


5058-5 
5059-5 


FRAME BIAS, PRECESSION AND NUTATION, 2009 


GCRS TO EQUATOR & CELESTIAL INTERMEDIATE ORIGIN OF DATE 
FOR 0" TERRESTRIAL TIME 


Cii-1 


— 4524 
— 4526 
= A530 
— 4534 
— 4539 


— 4544 
— 4548 
— 4553 
— 4557 
— 4560 


— 4562 
— 4564 
— 4565 
— 4566 
— 4567 


— 4569 
— 4572 
— 4576 
— 4582 
— 4588 


— 4594 
— 4599 
— 4603 
— 4606 
— 4607 


— 4608 
— 4609 
— 4610 
— 4613 
— 4615 


— 4619 
— 4623 
— 4628 
— 4632 
— 4636 


— 4639 
— 4642 
— 4644 
— 4645 
— 4646 


— 4646 
— 4647 
— 4648 
— 4650 
— 4653 


— 4657 
— 4662 


Values are in units of 107!9. Matrix used with ERA (B21—B24). 


MATRIX ELEMENTS FOR CONVERSION FROM 


Ci 2 


stow 
= 131 
= 13il 
=—131 
=131 


131 
=131 
= 113}1 
= llsy 
2 


=—82 
— 132 
= Isp 
132 
—132 


= Ney 
132 
= lis 
132 
= ey? 


= 32 
= 132 
= (by 
= 11333) 
— 133 


= 1133 
=133 
133 
= 
— 133 


LoS 
— 133 
= 133 
= 133 
= 133 


—133 
= 133 
—138 
1138 
= 133 


— 133 
133 
— 133 
— 133 
— 134 


— 134 
134 


Ci3 


951 1626 
951 4524 
951 8241 
952 2663 
952 7567 


953 2667 
953 7653 
954 2241 
954 6208 
954 9422 


955 1865 
955 3635 
955 4949 
955 6122 
955 7538 


955 9608 
956 2694 
956 7005 
957 2486 
957 8738 


958 5064 
959 0659 
959 4918 
959 7672 
959 9217 


960 0140 
960 1071 
960 2501 
960 4701 
960 7735 


961 1501 
961 5784 
962 0307 
962 4771 
962 8889 


963 2422 
963 5213 
963 7208 
963 8479 
963 9218 


963 9725 
964 0369 
964 1539 
964 3580 
964 6711 


965 0951 
965 6056 


Cy1 C2-1 


= 3) 
= d7/ 
= 3p) 
= 23 
= sy 


= 
= 33 
= oH 
= 30) 
= 3 


== © 
= 62 
03 
163 
= (Wy 


761 
ESS 
= 56 
= 35) 
= 5) 


= 6 
=. Ole 
= ol 
04 
== (oy/ 


= Os 
= OV: 
=" 66 
— 64 
—103 


— (ol 
61 
= 61 
=) 62 
— 64 


== (6f6) 
="69 
— 71 
273 
=" 75 


— 75 
= 75 
— 74 
= 72 
= 70 


= (ie 
— 68 


a) NONNNY WV NNNN WY NNN NY WH NNN NY LY NNN WN LY NNN NY WY NNNN WN NNN N WY NNN NY LY 


Cy 3 


— 19 9506 
=I) VAIS 
= l9PS07a 
— 19 3380 
—19 2427 


— 19 2349 
I) SSO) 
— 19 4704 
SON Gia 
— 19 9062 


3) D215) 
710) 3108) 
—20 3847 
—20 3866 
—20 2918 


—20 1143 
—19 8880 
— 19 6664 
— 9 S136 
—19 4870 


— 19 6150 
— 19 8782 
= 20 2117 
—20 5284 
—20 7536 


—20 8489 
—20 8172 
— 20 6910 
= 50) SII 
— 20 3430 


—20 2088 
—20 1432 
—20 1619 
—20 2677 
—20 4509 


—20 6907 
—20 9579 
—21 2184 
—21 4374 
ARS SO, 


—21 6416 
—21 6008 
—21 4740 
—21 2903 
—21 0950 


—20 9435 
—20 8898 


tHE HE FHF HEH FHEFHEHE FHEFEHEHt HHH HEHEHE HEHEHE HH+EHFH+ $4444 


C31 


951 1626 
951 4524 
951 8241 
952 2663 
952 7567 


953 2667 
953 7653 
954 2241 
954 6208 
954 9422 


955 1865 
955 3635 
955 4949 
955 6122 
Wes) [Bhs 


955 9608 
956 2694 
956 7005 
957 2486 
957 8738 


958 5064 
959 0659 
959 4918 
959 7672 
9599217, 


960 0140 
960 1071 
960 2501 
960 4701 
960 7735 


961 1501 
961 5784 
962 0307 
962 4771 
962 8889 


963 2422 
963 5213 
963 7208 
963 8479 
963 9218 


963 9725 
964 0369 
964 1539 
964 3580 
964 6711 


+ 965 0951 


965 6056 


C32 


+19 9506 
+19 7236 
+19 S071 
+19 3380 
+19 2426 


+19 2349 
= LOTS O 
+19 4704 
+19 6778 
+19 9062 


= 202s 
+20 2903 
+20 3847 
+20 3866 
+20 2918 


+20 1142 
+19 8880 
+19 6664 
= LOWS135 
+19 4870 


+19 6150 
+19 8782 
SOR 
+20 5284 
+20 7536 


+20 8489 
+20 8172 
+20 6910 
+20 5171 
+20 3430 


+20 2088 
+20 1432 
+20 1619 
+20 2677 
+20 4509 


+20 6907 
+20 9579 
+21 2184 
+21 4374 
S28 52 


+21 6416 
+21 6008 
+21 4740 
+21 2903 
+21 0950 


+20 9435 
+20 8898 


B39 


C33-1 


— 4526 
— 4528 
= UByey) 
— 4536 
— 4541 


— 4545 
= 4550 
— 4555 
— 4558 
— 4562 


— 4564 
— 4566 
— 4567 
— 4568 
— 4569 


= A574 
— 4574 
— 4578 
— 4584 
— 4590 


— 4596 
— 4601 
— 4605 
— 4608 
— 4609 


— 4610 
— 4611 
— 4613 
— 4615 
— 4617 


— 4621 
— 4625 
— 4630 
— 4634 
— 4638 


— 4641 
— 4644 
— 4646 
— 4647 
— 4648 


— 4649 
— 4649 
— 4650 
— 4652 
— 4655 


— 4659 
— 4664 


CIP is X% = €3 1, Y= C32 


B40 


Date 
Oo aT 


FRAME BIAS, PRECESSION AND NUTATION, 2009 


M,—1 


MATRIX ELEMENTS FOR CONVERSION FROM 
GCRS TO EQUATOR AND EQUINOX OF DATE 
FOR 0° TERRESTRIAL TIME 


M2 


Aug. 16 —29360 —2222 5228 


Sept. 


Oct. 


17 
18 
19 
20 


21 
22 


26 
27 
28 
29 
30 


we 
SMAANIAUN BWN HE eS 


—_ 
—_— 


30 
1 


=29393 
— 29424 
— 29449 
— 29465 


— 29473 
—29475 
—29476 
—29479 
— 29486 


— 29499 
=295 17. 
29538 
—29562 
— 29585 


—29607 
—29625 
=29639 
—29649 
— 29654 


—29655 
— 29654 
— 29654 
— 29656 
— 29664 


OMe, 
—29698 
=29723 
=29 792 
—29780 


—29803 
= 29819 
298i, 
—29828 
—29827 


—29826 
=29829 
— 29837 
29852 
—29871 


—29892 
—29915 
—29936 
~— 29954 
=29969 


PINES) 
— 29984 


— 2223 7784 
—2224 9529 
—2225 8922 
—2226 5055 


— 2226 8030 
—2226 8892 
—2226 9156 
—2227 0228 
=2227-3025 


= 2227 1870 
— 2228 4592 
—2229 2695 
— 22308521 
—2231 0366 


—2231 8561 
—2232 5540 
—2233 0897 
— 2233 4444 
— 2233/6259 


— 22331672 
— 2233 6450 
— 22501032 
—2233 7241 
— 2234 0024 


— 2234 5198 
—2235 2846 
— 2236 2516 
— 2251. 3232 
— 2238 3656 


222392 
— 2239 8403 
—2240 1385 
—2240 1916 
—2240 1256 


— 2240 0888 
— 2240 2014 
— 2240 5264 
—2241 0661 
—2241 7767 


—2242 5897 
—2243 4292 
— 2244 2237 
— 2244 9136 
—2245 4552 


—2245 8249 
— 2246 0226 


M3 


965 5567 
966 1016 
966 6114 
967 0193 
967 2857 


967 4153 
967 4533 
967 4653 
967 5124 
967 6342 


967 8449 
968 1369 
968 4888 
968 8720 
969 2560 


969 6119 
969 9150 
970 1479 
970 3023 
970 3815 


970 4018 
970 3910 
970 3860 
970 4265 
970 5478 


970 7727 
971 1048 
971 5246 
971 9898 
972 4423 


972 8216 
973 0828 
O73 2127 
973 2363 
973 2083 


973 1929 
973 2423 
973 3838 
973 6184 
973 9274 


974 2801 
974 6446 
974 9897 
975 2894 
975 5248 


975 6856 
975 7719 


M21 


M>2—1 


Mp3 


+2222 5016 —24700 —23 0358 


pa223e7 57 1 
+2224 9314 
+2225 8704 
+2226 4834 


+2226 7806 
+2226 8666 
+2226 8930 
+2227 0003 
+2227 2801 


+2227 7648 
+2228 4372 
+2229 2476 
2 SOM S03 
+2231 0146 


+2231 8340 
EP 22a 20510 
+2233 0672 
+2233 4216 
+2233 6029 


+-2233 6481 
22d SONY) 
+2233 6090 
+2233 7012 
e591 97, 


+2234 4973 
see ajay X05) 
+2236 2294 
sie eeMe ll 
+2238 3433 


+2239 2167 
+2239 8175 
+2240 1155 
+2240 1684 
+2240 1025 


+2240 0657 
+2240 1785 
+2240 5038 
+2241 0438 
+2241 7546 


+2242 5677 
+2243 4072 
+2244 2017 
+2244 8914 
+2245 4330 


+2245 8025 
+2246 0000 


— 24728 
—24754 
—24775 
—24789 


— 24796 
—24798 
—24798 
—24801 
—24807 


—24818 
— 24833 
—24851 
— 24870 
—24890 


—24908 
—24924 
— 24936 
— 24944 
— 24948 


—24949 
— 24948 
—24948 
—24950 
— 24956 


-- 24968 
—24985 
—25007 
— 25030 
— 25054 


— 25073 
—25087 
— 25094 
—25095 
=25093 


—25093 
—25095 
—25102 
—25114 
=25130 


—25148 
—25167 
=25185 
—25201 
=25213 


25221 
— 25226 


= 23en92 
— 299990 
—23 6570 
—23 9964 


—24 2745 
—24 4303 
—24 4446 
—24 3389 
—24 1603 


—23 9630 
—23 7944 
—23 6886 
—23 6647 
—23 7274 


—23 8690 
—24 0710 
—24 3065 
—24 5422 
—24 7430 


—24 8763 
—24 9182 
—24 8592 
—24 7075 
—24 4906 


—24 2518 
—24 0433 
=23'9158 
—23 9056 
—24 0230 


—24 2437 
—24 5115 
—24 7519 
—24 8959 
—24 9037 


—24 7756 
—24 5477 
—24 2746 
—24 0116 
—23 8018 


—23 6714 
= 2316292 
—23 6697 
—23 7764 
=259239 


—24 0813 
—24 2140 


ft PEEP HEHEHE FH EH HH Ee PEt EEE ete eh tee es 


M = NPB. Values are in units of 10~!9, Matrix used with GAST (B13-B20) 


M31 


965 6056 
966 1507 
966 6610 
967 0695 
967 3368 


967 4670 
967 5053 
9675173 
967 5642 
967 6856 


967 8958 
968 1875 
968 5392 
968 9224 
969 3065 


969 6627 
969 9664 
970 1998 
970 3547 
970 4344 


970 4549 
970 4443 
970 4391 
970 4793 
970 6000 


970 8244 
971 1561 
971 S757 
972 0409 
972 4936 


972 8735 
973 1353 
973 2657 
973 2896 
973 2616 


973 2460 
973 2949 
973 4358 
973 6698 
973 9780 


974 3308 
974 6952 
975 0403 
975 3403 
975 5760 


O79 1373 
975 8239 


M3,2 


+20 8898 
+20 9707 
+21 1889 
+21 5045 
+21 8427 


221202 
+22 2159 
+22 2901 
+22 1842 
+22 0051 


+21 8068 
21 0309 
+21 5296 
=o 039 
+21 5649 


+21 7049 
+21 9056 
+22 1400 
22 3791 
Ee eS 


+22 7087 
+22 7507 
+22 6916 
+22 5398 
+22 3224 


+22 0825 
+21 8726 
+21 7431 
+21 7309 
+21 8462 


+22 0653 
223319 
225717 
+22 7156 
22/7235 


22/9995 
+22 3674 
+22 0937 
+21 8296 
+21 6185 


+21 4864 
+21 4426 
+21 4816 
+21 5869 
+21 7334 


+21 8900 
+22 0223 


M3.3—1 


— 4664 
— 4669 
4674 
— 4678 
— 4681 


4682 
— 4683 
— 4683 
4683 
4684 


— 4686 
— 4689 
— 4693 
— 4696 
— 4700 


4704 
= 408 
4709 
4710 
= 2.4704 


— 4711 
— © aye 
= = 4701 
= S42 
— 4713 


= 848s 
= 24708 
= 24922 
— 4727 
— 4731 


— 4785 
= = 47317. 
— ©4739 
— 4739 
— 4739 


— 4739 
— 4739 
~~ 4740 
— 4743 
— 4746 


— 4749 
= =~ 4752 
— 4756 
— age 
4761 


— 4763 
— 4764 


. CIP is % = M31, ¥ = M3. 


Julian 
Date 


245 
5059-5 
5060-5 
5061-5 
5062-5 
5063-5 


5064-5 
5065-5 
5066-5 
5067-5 
5068-5 


5069-5 
5070-5 
5071-5 
5072-5 
5073-5 


5074-5 
5075-5 
5076-5 
5077-5 
5078-5 


5079-5 
5080-5 
5081-5 
5082-5 
5083-5 


5084-5 
5085-5 
5086-5 
5087-5 
5088-5 


5089-5 
5090-5 
5091-5 
5092-5 
5093-5 


5094-5 
5095-5 
5096-5 
5097-5 
5098-5 


5099-5 
5100-5 
5101-5 
5102-5 
5103-5 


5104-5 
5105-5 


FRAME BIAS, PRECESSION AND NUTATION, 2009 


GCRS TO EQUATOR & CELESTIAL INTERMEDIATE ORIGIN OF DATE 
FOR 0° TERRESTRIAL TIME 


Ci 1-1 


— 4662 
— 4667 
— 4672 
— 4676 
— 4679 


— 4680 
— 4680 
— 4680 
— 4681 
— 4682 


— 4684 
— 4687 
— 4690 
— 4694 
— 4698 


— 4701 
— 4704 
— 4706 
— 4708 
— 4709 


— 4709 
— 4709 
— 4709 
— 4709 
— 4710 


— 4713 
— 4716 
— 4720 
— 4724 
— 4729 


= 4732 
= A385 
— 4736 
— 4736 
— 4736 


— 4736 
4737 
2yATSS 
— 4740 
— 4743 


— 4747 
— 4750 
— 4754 
— 4756 
— 4759 


— 4760 
— 4761 


Values are in units of 10~!°. Matrix used with ERA (B21—B24). 


MATRIX ELEMENTS FOR CONVERSION FROM 


Ci 2 


— 134 
— 134 
— 134 
— 134 
— 134 


— 134 
— 134 
— 134 
— 134 
— 134 


— 134 
— 134 
— 134 
— 134 
= i135) 


= 1135) 
= 135 
S135 
= i135) 
SHIR) 


=135 
135) 
= 1125) 
11535) 
= 1135) 


EBS) 
= 113)5) 
S135) 
135) 
BS 


= 135 
= 135 
35) 
133, 
=1135 


= IIB) 
135 
3) 
135) 
— 136 


= lyo) 
—136 
— 136 
— 136 
— 136 


— 136 
— 136 


Ci 3 


965 6056 
966 1507 
966 6610 
967 0695 
967 3368 


967 4670 
967 5053 
967 5173 
967 5642 
967 6856 


967 8958 
968 1875 
968 5392 
968 9224 
969 3065 


969 6627 
969 9664 
970 1998 
970 3547 
970 4344 


970 4549 
970 4443 
970 4391 
970 4793 
970 6000 


970 8244 
971 1561 
Spe Siu 
972 0409 
972 4936 


972 8735 
973 1353 
973 2657 
973 2896 
973 2616 


973 2460 
973 2949 
973 4358 
973 6698 
973 9780 


974 3308 
974 6952 
975 0403 
975, 3403 
975 5760 


97151373 
975 8239 


Com (Cajal 


==168 
— 69 
ei 
eeaTA 
22877 


= 20) 
=> ul 
= th) 
— 80 
= Fs) 


=i77 
Pee 
=A 
eag4 
275 


= IK 
=" Ths 
— 80 
= ey 
— 84 


= 
=" {eh6) 
= 8 
— 84 
= Wy 


= 140) 
=I} 
= "76 
= FS 
= 


="79 
= iy 
— 84 
— 86 
= 150 


gs 
— 82 
— 80 
ae 
aris 


nuTA 
="73 
ais 
475 
= 116 


—8 
= TKS) 


C23 


—20 8898 
—20 9707 
—21 1889 
—21 5045 
—21 8427 


oe 1202 
SY OSD) 
2 2901 
—22 1842 
—22,005il 


—21 8068 
= INOS 
—21 5296 
= SUS) 
—21 5649 


—21 7049 
—21 9056 
—22 1400 
= Bij) \l 
= 2), SID) 


—22 7087 
=22 7507 
—22 6916 
S22 2398 
— 22 3224 


= 22 0825 
—21 8726 
—21 7431 
=21 7309 
—21 8462 


20653 
=22.3319 
PLES GL 
=22 TAS 
22235 


—22. 5955 
—22 3674 
= 22,0937) 
—21 8296 
—21 6185 


—21 48064 
—21 4426 
—21 4816 
=—21 5869 
—21 7334 


—21 8900 
—22 0223 


+ ++4+4++ 


++4++ 


+ 
+ 
+ 
+ 


Grr 


965 6056 
966 1507 
966 6610 
967 0695 
967 3368 


967 4670 
967 5053 
967 5173 
967 5642 


+ 967 6856 


967 8958 
968 1875 
968 5392 
968 9224 
969 3065 


969 6627 
969 9664 
970 1998 
970 3547 
970 4344 


970 4549 
970 4443 
970 4391 
970 4793 
970 6000 


970 8244 
971 1561 
Ay svi 
972 0409 
972 4936 


972 8735 
973 1353 
973 2657 
973 2896 


+ 973 2616 


973 2460 
973 2949 
973 4358 
973 6698 
973 9780 


+ 974 3308 


974 6952 
975 0403 
975 3403 
975 5760 


Ws) 13s) 
975 8239 


C3,2 


+20 8898 
+20 9707 
+21 1889 
+21 5045 
+21 8427 


+22 1202 
Re SD) 
ae AU) 
+22 1842 
+22 0051 


+21 8068 
+21 6369 
+21 5296 
+21 5039 
+21 5649 


+21 7049 
+21 9056 
+22 1400 
+ 22310 
= 2285) 


+22 7087 
+22, 7507 
+22 6916 
+22 5398 
+22 3224 


+22 0825 
+21 8726 
+21 7431 
+21 7309 
+21 8462 


+22 0653 
+ 22,3319 
SLL MN 
+22 7156 
+22 7235 


+22, 5955 
+22 3674 
“22,0937, 
+21 8296 
+21 6185 


+21 4864 
+21 4426 
+21 4816 
+21 5869 
+21 7334 


+21 8900 
+22 0223 


B41 


(Cage 


— 4664 
— 4669 
— 4674 
— 4678 
— 4681 


— 4682 
— 4683 
— 4683 
— 4683 
— 4684 


— 4686 
— 4689 
— 4693 
— 4696 
— 4700 


— 4704 
— 4707 
— 4709 
— 4710 
— 4711 


— 4711 
= A0/NU 
— AU 
ae ty 12 
— 4713 


ANS 
— 4718 
— 4722 
— 4727 
= to 


— 4735 
— 4737 
— 4739 
= 4739 
= 4/39 


— 4739 
— 4739 
— 4740 
— 4743 
— 4746 


— 4749 
— 4752 
— 4756 
— 4759 
— 4761 


— 4763 
— 4764 


GIP isw\Gee=iCs a1 Ca> 


B42 


.-) 


FRAME BIAS, PRECESSION AND NUTATION, 2009 


MATRIX ELEMENTS FOR CONVERSION FROM 
GCRS TO EQUATOR AND EQUINOX OF DATE 
FOR 0" TERRESTRIAL TIME 


M;1—1 My 2 

—29984 —2246 0226 
—29985 —2246 0755 
—29984 —2246 0397 
—29983 —2245 9959 


—29984 —2246 0394 


—29990 —2246 2610 
—30003 —2246 7245 
—30022 —2247 4467 
—30047 —2248 3868 
—30075 —2249 4505 


—30104 —2250 5100 
—30128 —2251 4341 
—30147 —2252 1224 
S015 85 — 2292193317. 
—30162 —2252 6996 


——S0OSe 2252 LOS 
=30163 —2252 7159 
—30166 —2252 8263 
=30174-=2253 1355 


—30188 —2253 6737 
—30208 —2254 4160 
—30232) =225512990 


—30257 —2256 2426 
—30282 —2257 1676 


—30305 —2258 0068 
—30324 —2258 7114 
—30338 —2259 2534 
—30348 —2259 6272 
=30354 —2259'8519 
= 3038575 = 225919724 
—30360 —2260 0595 
—30364 —2260 2045 
—30372 —2260 5057 
—30386 —2261 0453 
—30408 —2261 8628 
—30437 —2262 9336 
—30470 —2264 1667 
—30504 —2265 4254 
—30535 —2266 5660 
—30559 —2267 4789 
—30577 —2268 1174 
—30587 —2268 5058 
—30593 —2268 7286 
—30598 —2268 9048 
—30605 —2269 1562 
—30616 —2269 5782 
— 30633 —2270 2199 


M3 


975 7119 
SID 1955 
975 7805 
975 7622 
975 7816 


975 8783 
976 0798 
976 3935 
976 8017 
977 2634 


977 7233 
978 1245 
978 4235 
978 6024 
978 6750 


978 6828 
978 6832 
978 7316 
978 8663 
979 1003 


979 4226 
979 8060 
980 2157 
980 6173 
980 9817 


981 2878 
981 5233 
981 6860 
981 7840 
981 8368 


981 8752 
981 9387 
982 0698 
982 3044 
982 6594 


983 1242 
983 6594 
984 2056 
984 7007 
985 0971 


985 3745 
985 5434 
985 6406 
985 7176 
985 8272 


986 0108 
986 2895 


Mp} M>2—1 


+2246 0000 —25226 
+2246 0529 —25227 
+2246 0170 —25226 
+2245 9734 —25225 


+2246 0171 —25226 
+2246 2390 —25231 
+2246 7028 —25241 
+2247 4253 —25257 
+2248 3656 —25278 
+2249 4295 —25302 
+2250 4889 —25326 
+2251 4129 —25347 
+2252 1010 —=25362 
+2252 5122 —25372 
+2252 6780 —25376 
+2252 6947 —25376 
+2252 6944 —25376 
+2252 8051 —25378 
+2253 1146 —25385 
229316932 —=25397 
+2254 3958 —25414 
+2255 2790 —25434 
+2256 2228 —25455 
+2257 1478 —25476 
+2257 9870 —25495 
+2258 6915 —25511 
+2259 2334 —25523 
225916072 =295384 
+2259 8318 =25537 
22599524 =25539 
+2260 0396 —25541 
+2260 1849 —25544 
+2260 4864 —25551 
+2261 0263 —25563 
+2261 8442 —25582 
+2262 9153 —25606 
+2264 1486 —25634 
+2265 4073 —25662 
+2266 5479 —25688 
+2267 4607 —25709 


+2268 0990 —25723 
+2268 4874 —25732 


+2268 7102 —25737 
+2268 8866 —25741 
+2269 1382 —25747 
+2269 5605 —25756 


+2270 2025 —25771 


Mp3 


—24 2140 
— 24 2882 
—24 2761 
—24 1617 
—23 9472 


—23 6556 
— 23299 
— 23,0282 
22599 
—22 6685 


= 22,073 
— 2S 
—22 9465 
=23 1072 
—2oaoial 


= 223) OSS 
—23 0103 
=22, 7380 
—22 3984 
—22 0467 


—21 7334 
—21 4939 
—21 3446 
—21 2846 
=2] 2993 


—21 3649 
—21 4515 
— PES 263 
—21 5561 
=21 S114 


=213713 
— 2161298 
=20'7992 
—20 4177 
—20'0395 


—19 7250 
= 11995225 
—19 4525 
—19 4999 
—19 6184 


—19 7447 
—19 8159 
—19 7856 
—19 6340 
Sik) SAL} 


—19 0320 
—18 6653 


+H FHEtHtH FHHHEH HEHEHE HHEFHH FHEFHEH FHEEHEH FHEHH HE+HH FH444 


M3,1 


975 8239 
975 8476 
975 8326 
975 8140 
975 8330 


975 9289 
976 1298 
976 4428 
976 8504 
OFF 3119 


OFLA: 
978 1733 
978 4727 
978 6520 
978 7247 


978 7325 
978 7326 
978 7804 
978 9143 
979 1475 


979 4691 
979 8520 
980 2614 
980 6628 
981 0273 


981 3335 
981 5693 
981 7321 
981 8302 
981 8830 


981 9210 
981 9839 
982 1143 
982 3480 
982 7022 


983 1663 
983 7010 
984 2472 
984 7424 
985 1390 


985 4167 
985 5859 
985 6830 
985 7596 
985 8686 


986 0514 
986 3294 


M32 


+-22 0223 
+22 0965 
+22 0844 
+21 9701 
+21 7595 


+21 4634 
+-21 1365 
+20 8287 
+20 5937 
+20 4701 


+20 4709 
+20 5775 
+20 7430 
+20 9028 
+20 9923 


+20 9650 
+20 8055 
+20 5332 
+20 1928 
+19 8400 


TAD 5293 
+19 2841 
1971330 
90712 
+19 0842 


+19 1484 
+19 2340 
+19 3080 
+19 3373 
+19:2925 


101522 
+18 9098 
+18 5792 
+18 1966 
+17 8168 


+17 5002 
+1 2953 
+17 2228 
ls 2679 
+17 3847 


+17 5097 
+17 5802 
+17 5494 
+17 3975 
+17 1342 


+16 794] 
+16 4261 


M3 3-1 


4764 
4764 
4764 
4763 
4764 


4764 
4766 
4769 
4773 
4778 


4782 
4786 
4789 
4791 
4792 


4792 
4792 
4792 
4793 
4796 


4799 
4802 
4806 
4810 
4814 


4817 
4819 
4821 
4822 
4822 


4823 
4823 
4824 
4827 
4830 


4835 
4840 
4845 
4850 
4854 


4857 
4858 
4859 
4860 


4861 


4863 
4866 


M = NPB. Values are in units of 107!9, Matrix used with GAST (B13-B20). CIP is X = M31, ¥ = M39. 


Julian 
Date 


245 
5105-5 
5106-5 
5107-5 
5108-5 
5109-5 


5110-5 
5111-5 
5112-5 
5113-5 
5114-5 


$115.5 
5116-5 
5117-5 
5118-5 
5119-5 


5120-5 
5121-5 
5122.5 
5123-5 
5124-5 


5125-5 
5126-5 
5127-5 
5128-5 
5129-5 


5130-5 
5131-5 
5132-5 
5133-5 
5134-5 


5135-5 
5136-5 
5137-5 
5138-5 
5139-5 


5140-5 
5141-5 
5142-5 
5143-5 
5144.5 


$145.5 
5146-5 
5147-5 
5148-5 
$149.5 


5150-5 
5151-5 


FRAME BIAS, PRECESSION AND NUTATION, 2009 


GCRS TO EQUATOR & CELESTIAL INTERMEDIATE ORIGIN OF DATE 
FOR 0° TERRESTRIAL TIME 


Ci1-1 


— 4761 
— 4761 
— 4761 
— 4761 
— 4761 


— 4762 
— 4764 
— 4767 
— 4771 
— 4776 


— 4780 
— 4784 
— 4787 
— 4789 
— 4790 


— 4790 
— 4790 
— 4790 
— 4791 
— 4794 


— 4797 
— 4801 
— 4805 
— 4808 
— 4812 


— 4815 
— 4817 
— 4819 
— 4820 
— 4820 


— 4821 
— 4821 
— 4823 
— 4825 
— 4829 


— 4833 
— 4838 
— 4844 
— 4849 
— 4852 


— 4855 
— 4857 
— 4858 
— 4859 
— 4860 


— 4861 
— 4864 


Values are in units of 10~!9. Matrix used with ERA (B21-B24). 


MATRIX ELEMENTS FOR CONVERSION FROM 


Ci 2 


136 
— 136 
—136 
= I13f6) 
136 


—136 
SIO 
— 136 
— 136 
136 


1356 
136 
= 116 
=i 
S17 


S13) 
= 437 
SB 
= 37 
= 1S) 


=187. 
A137, 
=3 7) 
S12 
= 11317 


= 137 
SoH 
= i137) 
= iit 
— 137] 


137) 
= iS 
137 
= 37 
= 137 


— 137 
= 113)7) 
= 138 
— 138 
= 115%3 


= 113k) 
— 138 
— 138 
= 13ks 
= Ibis 


— 138 
138 


Cis 


975 8239 
975 8476 
975 8326 
975 8140 
975 8330 


975 9289 
976 1298 
976 4428 
976 8504 
977 3119 


SA TNS) 
978 1733 
978 4727 
978 6520 
978 7247 


ik) 32s) 
978 7326 
978 7804 
978 9143 
979 1475 


979 4691 
979 8520 
980 2614 
980 6628 
981 0273 


981 3335 
981 5693 
981 7321 
981 8302 
981 8830 


981 9210 
981 9839 
982 1143 
982 3480 
982 7022 


983 1663 
983 7010 
984 2472 
984 7424 
985 1390 


985 4167 
985 5859 
985 6830 
985 7596 
985 8686 


986 0514 
986 3294 


Crs, Ol 


= 
— 80 
— 80 
= 78 
= iE 


2073 
2470 
Shee 
= 55 
— 64 


— 64 
= 
= OD 
168 
= oy 


= (Y) 
= Oy 
— 64 
= Oil 
= 38 


= Sp 
= 
= Sl 
= 330) 
= 0 


= Sl 
= yl 
= SY 
= 33 
= BY 


= ill 
— 48 
— 45 
— 41 
= Be 


= 31) 
= 38) 
= 3 
= BY 
— 34 


= 3 
= 35) 
— a) 
= 134 
= «sii 


Zins 
= 4 


rPnNnNN NY WV NOP eS KS VY NNN WN LY NNY WN WV NN NN WV NWN v bv Vv NNN WN LY NNNWN WV NNNN WY 


C23 


220223 
— 22 0965 
— 22 0844 
— 2 O7 01 
=P TSS 


—21 4634 
= KOS) 
— 20 8287 
=) S87) 
—20 4701 


— 20 4709 
MN S715 
— 20 7430 
—20 9028 
=X 


— 20 9650 
—20 8055 
= 20! 5332 
LO MO28) 
— 19 8400 


= 11) S533) 
— 19 2841 
= 1981330 
=O) O22 
— 19 0842 


—19 1484 
—19 2340 
— 19 3080 
=I) se 
= ND) WS 


= NIG) ayy 
— 18 9098 
— 18 5792 
—18 1966 
—17 8168 


—17 5002 
=17 2953 
17) 2228 
Sy 2679 
SSS) 


ld S097, 
=17 5802 
—17 5494 
AVE Sf) 
=17 1342 


—16 7941 
— 16 4261 


+++ ¢+¢t4e ++t+4++ 4+ 


++ tt t4¢4+ 4 


C31 


975 8239 
975 8476 
975 8326 
975 8140 
975 8330 


975 9289 
976 1298 
976 4428 
976 8504 
OH SAS) 


SH TNS 
978 1733 
978 4727 
978 6520 
978 7247 


978 7325 
978 7326 
978 7804 
978 9143 
979 1475 


979 4691 
979 8520 
980 2614 
980 6628 
981 0273 


981 3335 
981 5693 
981 7321 
981 8302 
981 8830 


981 9210 
981 9839 
982 1143 
982 3480 
982 7022 


983 1663 
983 7010 


+ 984 2472 


984 7424 
985 1390 


985 4167 
985 5859 
985 6830 
985 7596 
985 8686 


986 0514 
986 3294 


+22 0223 
+22 0965 
+22 0844 
+21 9701 
Seah [SSS 


+21 4634 
+21 1365 
+20 8287 
+20 5937 
+20 4701 


+20 4709 
+20 5775 
+20 7430 
+20 9028 
+20 9923 


+20 9650 
+20 8055 
ar 30) S28 
+20 1928 
+19 8400 


PII Svs) 
+19 2841 
SloeS30 
+19 0712 
+19 0842 


+19 1484 
+19 2340 
+19 3080 
=P ID Sains: 
4F IO WOR 


Se) tS 
+18 9098 
se ites SEY 
+18 1966 
+17 8168 


+17 5002 
SES) SE) 
+17 2228 
+17 2679 
+17 3847 


+17 5097 
+17 5802 
+17 5494 
SE SOs 
+17 1342 


+16 7941 
+16 4261 


B43 


— 4764 
— 4764 
— 4764 
— 4763 
— 4764 


— 4764 
— 4766 
— 4769 
204773 
— 4778 


— 4782 
— 4786 
— 4789 
— 4791 
— 4792 


— 4792 
= a7fSy 
— 4792 
— 4793 
— 4796 


= Af 
— 4802 
— 4806 
— 4810 
— 4814 


— 4817 
— 4819 
— 4821 
— 4822 
— 4822 


— 4823 
— 4823 
— 4824 
— 4827 
— 4830 


— 4835 
— 4840 
— 4845 
— 4850 
— 4854 


— 4857 
— 4858 
— 4859 


— 4860 
— 4861 


— 4863 
— 4866 


CIP is X= (C3 Yi — Cao 


B44 


Date 
0 TT 


Nov. 


16 
17 


9 
10 


11 
12 
13 
14 


31 
32 


FRAME BIAS, PRECESSION AND NUTATION, 2009 


MATRIX ELEMENTS FOR CONVERSION FROM 
GCRS TO EQUATOR AND EQUINOX OF DATE 
FOR 0° TERRESTRIAL TIME 


M,1-1 M2 
—30633 —2270 2199 
—30657 —2271 0781 
—30684 —2272 1056 
—30715 —2273 2273 
—30745 —2274 3597 
—30774 —2275 4269 
—30800 —2276 3711 
—30821 —2277 1572 
—30838 —2277 7743 
—30850 —2278 2357 
—30859 —2278 5781 
— 30867 —2278 8611 
—30875 —2279 1647 
—30887 —2279 5827 
—30903 —2280 2072 
—30928 —2281 1048 
—30960 —2282 2869 
—30998 —2283 6901 
—31038 —2285 1807 
—31077 —2286 5921 
—31109 —2287 7807 
—31133 —2288 6731 
—31150 —2289 2823 
—31161 —2289 6927 
—31170 —2290 0259 
—31181 —2290 4055 
—31195 —2290 9288 
—31214 —2291 6517 
—31240 —2292 5834 
—31270 —2293 6911 
—31303 —2294 9114 
—31338 —2296 1652 
—31370 —2297 3735 
—31400 —2298 4702 
—31426 —2299 4109 
—31447 —2300 1769 
—31463 —2300 7756 
—31476 —2301 2380 
—31486 —2301 6167 
—31496 

—31508 

—31525 

—31547 

—31577 

—31614 

—31656 

— 31698 


Mi 3 


986 2895 
986 6622 
987 1082 
987 5951 
988 0866 


988 5499 
988 9598 
989 3012 
989 5694 
989 7700 


989 9190 
990 0423 
990 1745 
990 3563 
990 6277 


991 0174 
991 5305 
992 1394 
992 7862 
993 3986 


993 9145 
994 3020 
994 5667 
994 7452 
994 8903 


995 0554 
995 2829 
995 5969 
996 0014 
996 4822 


997 0119 
997 5560 
998 0804 
998 5564 
998 9649 


999 2976 
999 5577 
999 7588 
999 9235 


—2301 9818 —1000 0824 


—2302 4165 —1000 2714 
—2303 0078 — 1000 5284 
—2303 8320 —1000 8863 
—2304 9317 —1001 3636 
—2306 2895 — 1001 9529 


—2307 8119 —1002 6135 
—2309 3399 —1003 2765 


Mp1 Mo 2-1 
+2270 2025 —25771 
+2271 0611 —25790 
+2272 0889 —25814 
+2273 2108 —25839 
+2274 3432 —25865 
+2275 4105 —25889 


+2276 3546 —25911 
+2277 1406 —25928 
+2277 ISTI 25943 


+2278 2190) 25953 
+2278 5614 —25961 
+2278 8444 —25967 
+2279 1482 —25974 
+2279 5665 —25984 
+2280 1914 —25998 
+2281 0893 —26018 
+2282 2717 —26045 
+2283 6751 —26077 
+2285 1658 —26111 
+2286 5771 —26144 
+2287 7656 —26171 
+2288 6578 —26191 
+2289 2669 —26205 
+2289 6772 —26215 
+2290 0105 —26222 
+2290 3902 —26231 
+2290 9138 —26243 
+2291 6370 —26259 
+2292 5690 —26281 
+2293 6769 —26306 
+2294 8974 —26334 
+2296 1512 —26363 
+2297 3594 —26390 
+2298 4560 —26416 
+2299 3966 —26437 
+2300 1625 —26455 
+2300 7609 —26469 
+2301 2233 —26479 
+2301 6019 —26488 
+2301 9671 —26497 


+2302 4019 —26507 


+2302 9935 —26520 
+2303 8180 —26539 
+2304 9179 —26564 
+2306 2759 —26596 


+2307 7983 —26631 
+2309 3262 —26666 


M> 3 


—18 6653 
—18:3217 
—18 0423 
17-8515 
—Ir7558 


—17 7436 
—17 7943 
= 17, 8783 
—17 9632 
—180170 


—18 0104 
—17 9208 
1757361 
—17 4604 
—17 1180 


—16 7554 
—16 4339 
—16 2143 
—16 1345 
—16 1936 


— 16 3489 
= 1615322 
—16'6725 
— 167174 
— 16 6445 


—16 4610 
—16 1981 
—15 9004 
— IS O155 
—15 3849 


15123570 
—I5m339 
=15.2209 
—15 3298 
—15 4830 


—15 6480 
—15\7924 
—15 8869 
—15 9086 
—15 8439 


— 15/6915, 
—15 4660 
—15 2008 
—14 9470 
—14 7655 


—14 7100 
— 14 8042 


M3.) 


986 3294 
986 7013 
987 1467 
987 6331 
988 1245 


988 5877 
988 9978 
989 3394 
989 6077 
989 8085 


989 9575 
990 0805 
990 2123 
990 3935 
990 6641 


991 0530 
991 5654 
992 1738 
992 8204 
993 4331 


993 9493 
994 3372 
994 6023 
994 7809 
994 9258 


995 0905 
995 3174 
995 6307 
996 0346 
996 5149 


997 0442 
997 5882 
998 1127 
998 5890 
998 9978 


999 3309 
999 5914 
999 7927 
H999'9575 
+1000 1162 


+ 1000 3049 
+1000 5614 
+1000 9187 
+1001 3954 
+1001 9843 


+1002 6448 
+1003 3080 


Si le Na le gi pe a i a le A A a A ee a cae ee ee 


M32 


+16 4261 
+16 0809 
+ 19,7295 
+15 6064 
+15 5080 


+15 4942 
+15 5430 
+15 6254 
197092 
+15 7620 


+15 7547 
+15 6646 
“+ 15,4793 
#192027 
+14 8592 


+14 4947 
+14 1709 
+13 9485 
+13 8658 
+13 9220 


+14 0751 
+14 2565 
+14 3956 
+14 4397 
+14 3661 


+14 1819 
“139179 
+13 6188 
+£13:3320 
+13 0992 


+12 9489 
+12 8933 
+12 9279 
+13 0346 
+13 1859 


+13 3494 
+13 4926 
+13 5862 
+13 6072 
+13 5417 


+13 3884 
+13 1618 
+12 8949 
+12 6389 
+12 4547 


+12 3961 
+12 4872 


M3.3—1 


4866 
4869 
4874 
4878 
4883 


4888 
4892 
4895 
4898 
4900 


4901 
4903 
4904 
4906 
4908 


4912 
4917 
4923 
4929 
4936 


494] 
4945 
4947 
4949 
4950 


4952 
4954 
4957 
4961 
4966 


4971 
4977 
4982 
4987 
4991 


4994 
4997 
4999 
5001 
5002 


5004 
5006 
5010 
5015 
5021 


5027 
5034 


M = NPB. Values are in units of 10~!°. Matrix used with GAST (B13—-B20). CIP is X = M31, Y¥ = M3. 


Julian 
Date 


245 
5151-5 
5152-5 
5153-5 
5154-5 
5155.5 


5156-5 
5157-5 
5158-5 
$159.5 
5160-5 


5161-5 
5162-5 
5163-5 
5164-5 
5165-5 


5166-5 
5167-5 
5168-5 
5169-5 
5170-5 


5171-5 
5172-5 
5173-5 
5174-5 
5175-5 


5176-5 
5177-5 
5178-5 
5179-5 
5180-5 


5181-5 
5182-5 
5183-5 
5184-5 
5185.5 


5186-5 
5187-5 
5188-5 
5189.5 
5190-5 


5191-5 
5192-5 
5193-5 
5194.5 
5195-5 


5196-5 
5197-5 


FRAME BIAS, PRECESSION AND NUTATION, 2009 


GCRS TO EQUATOR & CELESTIAL INTERMEDIATE ORIGIN OF DATE 
FOR 0° TERRESTRIAL TIME 


Ci —1 


— 4864 
— 4868 
— 4872 
— 4877 
— 4882 


— 4887 
— 4891 
— 4894 
— 4897 
— 4899 


— 4900 
— 4901 
— 4903 
— 4904 
— 4907 


= 491 
— 4916 
— 4922 
— 4928 
— 4935 


— 4940 
— 4944 
— 4946 
— 4948 
— 4949 


= 4S syil 
— 4953 
— 4956 
— 4960 
— 4965 


— 4970 
— 4976 
— 4981 
— 4986 
— 4990 


— 4993 
— 4996 
— 4998 
— 5000 
= 500] 


— 5003 
— 5006 
— 5009 
— 5014 
— 5020 


— 5026 
= 55033 


MATRIX ELEMENTS FOR CONVERSION FROM 
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SNe = 
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=e 
SIG) = 
= lB 5 


={4) = 
214+-= 
= 140. 
=na01 = 
#140. = 


= 140 = 
=140. = 
140 
ao pe 


Cis 


986 3294 
986 7013 
987 1467 
987 6331 
988 1245 


988 5877 
988 9978 
989 3394 
989 6077 
989 8085 


989 9575 
990 0805 
990 2123 
990 3935 
990 6641 


991 0530 
991 5654 
992 1738 
992 8204 
993 4331 


993 9493 
994 3372 
994 6023 
994 7809 
994 9258 


995 0905 
995 3174 
995 6307 
996 0346 
996 5149 


997 0442 
997 5882 
998 1127 
998 5890 
998 9978 


999 3309 
999 5914 
999 7927 
999 9575 


—140 —1000 1162 


—140 —1000 3049 
—140 —1000 5614 
—140 —1000 9187 
—140 —1001 3954 
—140 —1001 9843 


—140 —1002 6448 
—140 —1003 3080 
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= ee 
— = © 


15 


1 
1 
1 
1 
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C23 


— 16 4261 
— 16 0809 
=D) 7995, 
— 15 6064 
—15 5080 


—15 4942 
— 15 5430 
—15 6254 
lis 1092) 
— 15 7620 


—15 7547 
—15 6646 
—15 4793 
—15 2028 
— 14 8592 


— 14 4948 
— 14 1709 
—13 9485 
—13 8658 
Ss 220) 


— 14 0751 
— 14 2565 
— 14 3956 
— 14 4397 
— 14 3661 


— 14 1819 
S13 QU) 
— 13 6188 
pliers 32.0 
= 13,0998) 


—12 9489 
— 12 8933 
SAIS) 
— 13 0346 
= 13 1859 


— 13 3494 
—13 4926 
— les} Syskey 
— 13 6072 
—13 5417 


—13 3884 
~13 1618 
—12 3949 
— 12 6389 
=H 24547 


—12 3961 
—12 4872 


J} 
T 


++ +t+4+4+ ¢4+4+4+4+ +4444 


+ ++4+4+4+ ¢44+4+4+4+ +4+4+4++4+ 


C31 


986 3294 
986 7013 
987 1467 
987 6331 
988 1245 


988 5877 
988 9978 
989 3394 
989 6077 
989 8085 


989 9575 
990 0805 
990 2123 
990 3935 
990 6641 


991 0530 
991 5654 
992 1738 
992 8204 
993 4331 


993 9493 
994 3372 
994 6023 
994 7809 
994 9258 


995 0905 
995 3174 
995 6307 
996 0346 
996 5149 


997 0442 
997 5882 
998 1127 
998 5890 
998 9978 


999 3309 
999 5914 
999) 7927, 


ae SE) Oy) 
+1000 1162 


+ 1000 3049 
+1000 5614 
+1000 9187 
+ 1001 3954 
+ 1001 9843 


+1002 6448 
+ 1003 3080 


C35 


+16 4261 
+16 0809 
+15 7995 
+15 6064 
+15 5080 


+15 4942 
+15 5430 
+15 6254 
+ 15 7092 
+15 7620 


+15 7547 
+15 6646 
+15 4793 
sells AO) 
+14 8592 


+14 4947 
+14 1709 
+13 9485 
+13 8658 
+13 9220 


+14 0751 
+14 2565 
+14 3956 
+14 4397 
+ 14 3661 


+14 1819 
+ 13° 9179 
+13 6188 
+13 3320 
ap sy OL 


+12 9489 
p28 8933 
sly 9279 
+13 0346 
+13 1859 


+13 3494 
+13 4926 
+13 5862 
+13 6072 
+13 5417 


+ 13 3884 
+13 1618 
+12 8949 
+12 6389 
+12 4547 


+12 3961 
+12 4872 


B45 


C33-1 


— 4866 
— 4869 
— 4874 
— 4878 
— 4883 


— 4888 
— 4892 
— 4895 
— 4898 
— 4900 


— 4901 
— 4903 
— 4904 
— 4906 
— 4908 


— 4912 
— 4917 
— 4923 
— 4929 
— 4936 


— 4941 
— 4945 
— 4947 
— 4949 
— 4950 


— 4952 
— 4954 
= aly) 
— 4961 
— 4966 


— 4971 
— 4977 
— 4982 
— 4987 
— 4991 


— 4994 
— 4997 
— 4999 
— 5001 
— ily? 


— 5004 
— 5006 
== SIG 
=) SOs 
= 95021 


= zi 
— 5034 


Values are in units of 10~!°. Matrix used with ERA (B21-—B24). CIP is X% = C31, Y= C32 


B46 REDUCTION OF CELESTIAL COORDINATES 


The Celestial Intermediate Reference System 


The IAU 2000 and 2006 resolutions very precisely define the Celestial Intermediate 
Reference System by the direction of its pole (CIP) and the location of its origin of right 
ascension (CIO) at any date in the Geocentric Celestial Reference System (GCRS). This system 
is often denoted as the “equator and CIO of date” which has the same pole and equator as 
the equator and equinox of date, however, they have different origins for right ascension. This 
section includes the transformations using both origins and the relationships between them. 


Pole of the Celestial Intermediate Reference System 


The direction of the celestial intermediate pole (CIP), which is the pole of the Celestial 
Intermediate Reference System (the true celestial pole of date), at any instant is defined by 
the transformation from the GCRS that involves the rotations for frame bias and precession- 
nutation. 


The unit vector components of the CIP (in radians) are given by elements one and two 
from the third row of the following rotation matrices, namely 
X% = C3) = Ms 1 and Y= C32 = M32 


and the equations for calculating C are given on page B49, while those for M are given on 
page B50. Alternatively, X and ¥ may be calculated directly using 


X = sine sin cosy — (sine cos ¥ cos @ — cose sin @) siny 

Y = sine sin y siny + (sine cos y cos  — cose sind) cos y 
where y, ¢, w and € include the effects of frame bias, precession and nutation (see page B56). 
X and Y are tabulated, in radians, at 0" TT on even pages B30-B44, on odd pages B31-B45, 


and in arcseconds on pages B58—B65. The equations above may also be used to calculate the 
coordinates of the mean pole by ignoring nutation, that is by replacing w by w and € by €,. 


The position (X, ¥) of the CIP, expressed in arcseconds, accurate to 00001, may also 
be calculated from the following series expansions, 
xX = — 0/016 617 + 2004191 898 T — 07429 7829 T? 
— 0/198 618 34 T? + 7/578 x 10-° T4 + 59285 x 10-° T° 
+ S°U(@,j)i T/ sin(arGuMENt) + (de, ;); T/ cos(ARGUMENT)] + = + 
ji 
Y¥ = — 0/006 951 — 0’025 896 T = 22407 2747 T? 
+ 0001 900 59 T? + 0/001 112 526 T* + 0/1358 x 10° T° 
+. RICA T/ COS(ARGUMENT) + (bg j); Ti sin(ARGUMENT)] + - - - 
ne 
where T is measured in TT Julian centuries from J2000-0 and the coefficients and arguments 
may be downloaded from the CDS (see AsA-Online for the web link). 
Approximate formulae for the Celestial Intermediate Pole 


The following formulae may be used to compute X and ¥ to a precision of 0/2 during 
2009: 
X =180"31 + 00549 d ¥=—0"19 
— 68 sin 2 — 0"5 sin 2L + 92 cos 2 + 06 cos 2L 
where §2 = 311°0 — 0-053d, L = 279°8 + 0-986d and d is the day of the year and fraction 
of the day in the TT time scale. 
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Origin of the Celestial Intermediate Reference System 


The CIO locator s, positions the celestial intermediate origin (CIO) on the equator of the 
Celestial Intermediate Reference System. It is the difference in the right ascension of the node 
of the equators in the GCRS and the Celestial Intermediate Reference System (see page B9). 
The CIO locator s is tabulated daily at 0" TT, in arcseconds, on pages B58—B65. 


The location of the CIO may be represented by s + X¥/2, the series of which is 
downloadable from the CDS (see AsA-Online for the web link). However, the definition and 
table below include all terms exceeding 0-5jas during the interval 1975-2025. 


$= —XY/2+94"x10-° +} Cy sin Aj 


+ (+0003 808 65 + 1/73 x 10~° sin 2 + 357 x 10~°cos 22) T 
+ (—0/000 122 68 + 743”'52 x 10~° sin 2 — 885 x 10~*sin2Q 

+ 56/91x107° sin2(F — D4 MY +4 9784 10 sin2( FUE Q)) T? 
(072 574 lf 27-08 10m eel 5 62> Oe ene 


where X, Y¥ (expressed in radians) is the position of the CIP at the required TT instant, and T 
is the interval in TT Julian centuries from J2000-0. Also tabulated are the “complementary” 
terms C;,, part of the equation of the equinoxes, (see page B10) which contribute to Greenwich 
apparent sidereal time. 


Terms for the Series Parts of s and the Equation of the Equinoxes 
Coefficient Argument Coefficient Coefficient Argument 

k Gaiors Ax Cito. Ko Cee SlOtrs 2 i, Ax 

1 | —0-002 640 73 82 —0-002 64096 | 7) —0-00000198 2F +22 
2 | —0-000 063 53 282 —0-00006352 | 8 | +0-000001 72 392 
3 | —0-00001175 2F —2D+392 -—0-00001175 | 9} +0-00000141 +2 
4 | —0-00001121 2F—2D+2 —0-00001121 | 10 | +0-00000126 l'/—2 
5 | +0-00000457 2F —2D+22 +0-00000455 | 11 | +0-000 000 63 I+ 2 
6 | —0-000 002 02 2F +32 —0-00000202 | 12 | +0-000000 63 1-22 


where the expressions for the fundamental arguments are 


1 = 1342963 402 5141717 915 923/2178T +31/8792T* +0/051 635T° —0000 244 70T* 
I’ = 3572529 109 184129 596 58104817 —0"5532T* +.0/000 13677 — 0000 011 497* 
F = 932272090 62+1 739 527 262/8478T —12!'7512T? —0/001 0377? +0000 004 17T* 
D = 2972850 195 47+ 1 602 961 601/2090T —6’3706T? +0/006 593T? —0000 031 69T* 
Q = 1252044 55501 — 6962 890/5431T + 7/4722T* + 0/007 702T? — 0000 059 39T* 


Approximate position of the Celestial Intermediate Origin 


accuracies no better than 001 are acceptable. 


The CIO locator s may be ignored (i.e. set s = 0) in the interval 1963 to 2031 if 


During 2009, s + XY¥/2 may be computed to a precision of 3 x 10~> arcseconds from 


s+ XY/2 = 0/000 38 — 0/0026 sin(311°0 — 0-053 d) — 00001 sin(262°0 — 0-106 d) 


where X and ¥ are expressed in radians (page B46 gives an approximation) and d is the day 
of the year and fraction of the day in the TT time scale. 
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Reduction from the GCRS 


The transformation from the GCRS to the terrestrial reference system applies rotations 
for frame bias, the effects of precession and nutation, and Earth rotation. It is only the origin 
of right ascension and whether ERA or GAST is used to obtain a position with respect to the 
terrestrial system, that differ. 


The following shows the matrix transformations to both the Celestial Intermediate Ref- 
erence System (based on the CIP and CIO) and the traditional equator and equinox of date 
system (based on the CIP and equinox). This is followed by considering frame bias, precession, 
nutation, and the angles and rotations that represent these effects. 


Summary of the CIP and the relationships between various origins 


The CIP is the pole of both the Celestial Intermediate Reference System and the system 
of the the equator and equinox of date. The transformation from the GCRS to either of these 
systems and to the Terrestrial Intermediate Reference System may be represented by 


Rg = R3(—f) RBs 


where the matrix Rs transforms position vectors from the GCRS equator and origin (see 
diagram on page B9) to the “of date” system defined by the CIP and 6 determines the origin 
to be used and thus the method (see Capitaine, N., and Wallace, P.T., Astron. & Astro. 450, 
855-872, 2006). Thus listing the matrix relationships by method (i.e. value of 8) gives: 


ClO Method Equinox Method 
p= Ss B=s—E, 
Rp = R3(—s) Rp Rp = R3(—s + E,) Be 
a ® = M = NPB 


where s is the CIO locator (see page B47), E, is the equation of the origins (see page B10), 
and the matrices C, Rp and M are defined on pages B49 and BSO, respectively. 


When £ includes the Earth Rotation angle, or Greenwich apparent sidereal time, then 
coordinates with respect to the terrestrial intermediate origin are the result. Finally, longitude 
may be included, then the coordinates will be relative to the observers prime meridian. 


CIO Method Equinox Method 
p=s-0-2d Bp =s — E,—GAST—A 
Rg = R3(A +0 —s) Rp Rg = R3(A + GAST — s + E,) Rg 
=R3(A+0)C = R3(A + GAST) M 
=Q =Q 


where east longitudes are positive. The above ignores the small corrections for polar motion 
that are required in the reduction of very precise observations; they are (i) alignment of the 
terrestrial intermediate origin onto the longitude origin (A,,., = 0) of the International Terrestrial 
Reference System, and (ii) for the positioning of the CIP within ITRS, (see page B84). 


. The equation of the origins, the relationship between the two systems may be calculated 
using 
—=1 M; -R; 
M, \ Ry, 


where M, and M, are the first two rows of M, Rg, is the first row of Rs and - denotes the dot 
or scalar product. See also page B10 for an alternative method. 


M = R3(—s + E,) Rs and thus E, =s — tan 
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CIO Method of Reduction from the GCRS — rigorous formulae 
Given an equatorial geocentric position vector r of an object with respect to the GCRS, then 
r;, its position with respect to the Celestial Intermediate Reference System, is given by 

ra Cr and r=C!r=Cr,; 


The matrix C is tabulated daily at 0" TT on odd numbered pages B31-B45, and is calculated 
thus 


C(X, ¥, s) = R3(—[E + s]) Ro(d) R3(E) = R3(—s) Rs 
where the quantities X%, Y, are the coordinates of the CIP, (expressed in radians), and the 
relationships between X, ¥, Z, E and d are: 
X = sind cos E=M3, = C31 E = tan’ !(Y/X) 


YU sind sin f= M3 > = C35 x2 ue Yy? 3 
Lb a6 2 2 dietane) ptoge 2: “hat 
Zi Cosi = a) la X= 2) 1-x-¥ 
X, ¥ and s are given on pages B46-B47 and tabulated, in arcseconds, daily at 0" TT on pages 
B58-B65. 


The matrix C transforms positions to the Celestial Intermediate Reference System, with 
the CIO being located by the rotation R3(—s), and Rs, the transformation from the GCRS 
equator to the equator of date being given by 


l1-aX? -aXy —X Rs, 
Rs = —aXy oil —a'y? z= =|R, x RB; 
a Re MTS Y=) Ry, 
where a = 1/(1 + Z). RBs, 1s the unit vector pointing towards & (see diagram on page B9) 
that is obtained from the elements of the first row of Rp and similarly Rp, is the unit vector 
pointing towards the CIP. Note that R;, = M, (see page B50). 
Approximate reduction from GCRS to the Celestial Intermediate Reference System 
The matrix C given below together with the approximate formulae for X% and ¥ on page 
B46 (expressed in radians) may be used when the resulting position is required to no better 


than 0:2 during 2009: 
lis ace bape Sol) —% 
c- ( gi ene slog By 


x ae 2 
Thus the position vector r; = (%;, y;, Z;) with respect to the Celestial Intermediate Reference 
System (equator and CIO of date) may be calculated from the geocentric position vector 
r = (ry, /y,7z) with respect to the GCRS using 


t= Cr 
therefore using the approximate matrix 
Kei =, Xf 2) by Tz 
vir ry —¥r, 
iy Kry + Y¥ry + — X?/2)r, 


and thus , 
a; =tan"(y;/x;) 6 = tan! (z:/ VG? + 9?) ) 
where a@;, 5, are the intermediate right ascension and declination, and the quadrant of a; 1s 
determined by the signs of x; and yj. 
During 2009, the X? term may be dropped without significant loss of accuracy. 
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Equinox Method of reduction from the GCRS — rigorous formulae 


The reduction from a geocentric position r with respect to the Geocentric Celestial 
Reference System (GCRS) to a position r; with respect to the equator and equinox of date, 
and vice versa, is given by: 


r,=Mr and r=M'!r,=Mr, 


Using the 4-rotation Fukishma-Willams (F-W) method, the rotation matrix M may be written 
as 
a = M, 
M = R\(—[ea + Ae]) R3(-[y + Aw]) Rig) Ra(y) = | M, ] = NPB 
M 


k 


where the angles y, ¢, combine the frame bias with the effects of precession (see page 
B56). Nutation is applied by adding the nutations in longitude (Sy) and obliquity (Ae) (see 
page B55) to w and ea, respectively. Pages B50-B56 give the formulae for calculating the 
matrices B, P and N individually using the traditional angles and rotations. 


The elements of the rows of M represent unit vectors pointing in the directions of the x, 
y and z axes of the equator and equinox of date system. Thus the elements of the first row 
are the components of the unit vector in the direction of the true equinox, 


Mi cos cosy + sin cos ¢ sin y 
M, = | Mi2 | = | cosy siny — sin y cos ¢cos y 
M; 3 —sin wy sind 


The second row of elements defines the unit vector in the direction of the y-axis, in the plane 
90° from the x-z plane, i.e. the plane of the equator of date, and is given by 


M, =M, x M, 
M> | cos € sin w cos y — (cos€ cos ¥ cos d + sine€ sin oD) sin y 
=| M22 | = [| cosesinw siny + (cose cos wy cos ¢ + sine sing) cos y 


Mo 3 cos € cos w sing — sine cos @ 


Lastly, the elements of the third row are the components of the unit vector pointing in the 
direction of the celestial intermediate pole, thus 


M31 xX sin € sin Ww cos y — (sine cos w cos b — cos € sin d) sin y 
M, =| M32] =| ¥ |] = | sine siny sin y + (sine cos y cos ¢ — cos€ sin) cos y 


M3 3 Le sin € cos y cos @ + cos E cos 


Reduction from GCRS to J2000 — frame bias — rigorous formulae 


Positions of objects with respect to the GCRS must be rotated to the J2000-0 dynamical 
system before precession and nutation are applied. Objects whose positions are given with 
respect to another system, e.g. FK5, may first be transformed to the GCRS before using the 
methods given here. An GCRS position r may be transformed to a J2000-0 or FK5 position 
ro and vice versa, as follows, 


ro = Br and r=B'!ry = Br 


where B is the frame bias matrix. 
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Reduction from GCRS to J2000 — frame bias — rigorous formulae (continued) 


There are two sets of parameters that may be used to generate B. There are yo, & and 
dao which appeared in the literature first, or those consistent with the Fukishma-Williams 
precession parameterization, yg, dp and wep. 


Offsets of the Pole and Origin at J2000-0 


4 F-W IAU 2006 
Rotation No Eo da YB B We 
From mas mas mas mas mas mas 
GCRS to J2000:0 — 6-8192 —16-617 —14-6 52-928 6-891 41-775 


GCRS to FK5 NED) “i el 2) 


where 70, § are the offsets from the pole together with the shift in right ascension origin 
(dao). The IAU 2006 offsets, yg, ¢, and wg are extracted from the IAU WGPE report and 
are consistent with F-W method of rotations: 


B = R3(-Wz) Ri (¢z) Rs (ya) 


Alternatively 
B = Rj (—70) Ro(o) R3(dao) B7! = R3(—da) R2(—&o) Ri (+n) 
= Ri (—de0) R2o(SYo sin €o) R3 (dao) = R3(—dag) Ro(—d Wo sin €9) Ri (+de0) 


where the second equation is in terms of corrections provided by the IAU 2000 precession- 
nutation theory, and &) = dW sin €9 = —41-775 sin(23° 26’ 21”448) = —16-617 mas. 


Evaluating the matrix for GCRS to J2000-0 gives 


+0-9999 9999 9999 9942 —0-0000 0007 1 +0-0000 0008 056 
B = {| +0-0000 0007 1 +0-9999 9999 9999 9969 +0-0000 0003 306 
—0-0000 0008 056 —0-0000 0003 306 =-0):9999, 99999999 9962 


where the number of digits is determined by the accuracy of the offsets. 


Approximate reduction from GCRS to J2000 


Since the rotations to orient the GCRS to J2000-0 system are small the following 
approximate matrix, accurate to 1 x 10~'* radians, may be used: 


] day —& 
Be —dao ] —No 
Eo 70 1 
where 7, &) and dag are the offsets of the pole and the origin (expressed in radians) from 
J2000-0 given in the table above. 


Reduction for precession—rigorous formulae 


Rigorous formulae for the reduction of mean equatorial positions from J2000-0 (fo) to 
epoch of date t, and vice versa, are as follows: 


For equatorial rectangular coordinates (xo, yo, Zo), Or direction cosines (ro), 
Cy = Pro Yo = Pp! In = Pts 
aes P = Ry (—€4) Ra(—W) Ribs) Ras) 
= R3(xa) Ri(—@a) R3(— Wa) Ri (€0) 
= R3(—z,) Ro(64) R3(—Za) 
and r,, is the position vector precessed from fo to the mean equinox at f. 


The angles given in this section precess positions from J2000-0 to date and therefore do 
not include the frame bias, which is only needed when positions are with respect to the GCRS. 
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Reduction for precession—rigorous formulae (continued) 


The 4-rotation Fukushima-Williams (F-W) method using the angles y;, 7, Wy, and €,, 
are 
yy = 10/556 403 T + 0/493 2044 T* — 0/000 312 38 T° 


LOUTRE 10 T* + 2/60 10~* T° 
by = &) — 46/811 015 T +0051 1269 T? + 0000 532 89 T° 
— (440510. -F* 1G 10)” 7 
wy = 5038481 507 T + 1/558 4176 T* — 0/000 185 22 T°? 
DEAS 1ORN LL ee ASOT 
and the obliquity of the ecliptic with respect to the mean equator of date is given by 
Ex = &) — 46/836 769 T — 0/000 1831 T? + 0/002 003 40 T? 
0576x1058 Tin 4434nc10 Vr? 
Ex, = 23°439 279 4444 — 0°013 010 213 61 T — 520861 x 10-8 T? 
5250) S10 110. T2056 10 eT 
where €9 = 23° 26’ 21406 = 84 381”406 is the obliquity of the ecliptic with respect to the 


dynamical equinox at J2000. The precession matrix for the F-W precession angles, which 
includes how to incorporate the frame bias and nutation, is described on page B56. 


For all the precession angles given in this section the time argument T is given by 
T = (t — 2000-0)/100 = (JDrp — 245 1545-0) /36 525 
which is a function of TT. Strictly speaking precession angles should be a function of TDB, 
but this makes no significant difference. 
The Capitaine et al. method, the formulation of which cleanly separates precession of the 
equator from precession of the ecliptic, is via the precession angles x4, @4, Wa, which are 
Wa = 5038’481 507 T — 1/079 0069 T? — 0/001 140 45 T? 
+ 0/000 132 851 T* — 9’51x 10-8 T° 
Wa = €) — 0/025 754 T +.07051, 2623 T? — 0/007 725 03 T? 
— 0/000 000 467 T* + 33/37 x 10-8 T° 
Xa = 10"556 403 T — 2381 4292 T? — 0/001 211 97 T° 
+ 0/000 170 663 T* — 5’60x 10-8 T° 
where the precession matrix using x4, w4, W, and €p is 
. ( C4C2—S2S4C3 C4S2C1 +84C3C2C) —S1 S483  C4S25j £CEU:S1 15 


—$4C2—S82C4C3 —S4$2C,+C4C3C2C; —$,C483 —S4S2S, +C€4C3C2$, + C1 C483 
S753 =3C3 C1 = iG3 = $309.51 --C3C) 


where S; =sinég So =sin(—W4) $3 =sin(—@,) S, =sin x, 
Ci =coseéo9 Cz =cos(—yy4) Cs =cos(—@,4) Cy, = cos x, 


The traditional equatorial precession angles €,, za, Oa are 


fa = +2650 545 + 2306083 227 T + 0/298 8499 T? + 0/018 018 28 T? 

SOs 10 Tt Mk 
Za = —2"650 545 + 2306077 181.7 + 1709267348 7 + 0/018 268 37 T? 

— 28596 x 10° T* — 2904x1077 T> 
6, = 2004191 903 T — 0429 4934 T* — 0/041 822 64 T3 

— F/089 107° Tt.— 1974 «0p 
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Reduction for precession—rigorous formulae (continued) 


The precession matrix using f,, za, Oa is 


COs 4 COS OM, SiINZA+SiNf, COSZA —SiIN fa COS Oa Sinza+cosf,cosza —SinO, SiN ZA 


COS Fa COS Oa COS Za —SiIN fq SiNZA —SiNf, COSA, COSZA—COS LA SINZA —SiNO, COS ZA 
P = 
COS Ca Sin Oy —sin f, Sin Oy COS Oy 


For right ascension and declination in terms of Ca, za, 0a: 


sin(@ — za)cosd = sin (a& + fa) cos dg 
cos (a — za) cosd = cos (py + a) COS Oa COS 59 — sin Oa sin do 
sind = cos (a + fa) sin Oa Cos 59 + COS Oa, Sin 59 
sin (@ + f,)cosdg = sin(a — za) coséd 
cos (aA + fa) cosdg = cos (a — za) cos O, cos d + sin Oa sind 
sin 69 = — cos (a — Za) Sin, cos 6 + cos O, sind 


where fa, Za, 9a, given above, are angles that serve to specify the position of the mean equator 
and equinox of date with respect to the mean equator and equinox of J2000-0. 


Values of all the angles and the elements of P for reduction from J2000-0 to epoch and 
mean equinox of the middle of the year (J2009-5) are as follows: 


F-W Precession Angles y;, dy, wy, and €, 


yy = +1701 = +0°000 280 oy = +843 76'96 = +23°438 044 
wy = +478’67 = +0°132 964 CaO G90) =e BS 46045 
Precession Angles f,, Za, 0a Precession Angles W4, @4, XA 
fa = 4+221°73 = +0°061 592 ih = +478"65 = +0°132 957 
ZA = +216'44 = +0°060 121 wa = +843 81°40 = +23°439 279 
6, = +190’39 = +0°052 887 Nata +098 = +0°000 273 


The rotation matrix for precession from J2000-0 to J2009-5 is 


+0-999 997 318 —0-002 124296 —0-000 923 057 
P= (s00m 124 296 +0-999 997 744 —0-000 000 969 
+0-000 923 057 —0-000 000 992 +0-999 999 574 


The precessional motion of the ecliptic is specified by the inclination (zrq) and longitude 
of the node (/7,) of the ecliptic of date with respect to the ecliptic and equinox of J2000-0; 


they are given by: 
sina sinIT, = + 4199 094 T + 0/193 9873 T* — 0/000 224 66 T? 
— 912x107? T* + 120x107 T° 


sin, cos IT, = —46/811 015 T + 0/051 0283 T? + 0/000 524 13 T° 
iG AGS LOM oat et 72 107 iT 


a is a small angle, and often zr, replaces sin 7r,. 


+4465 = 0°001 2402 


For epoch J2009-5 TTA 
174° 51‘1 = 174°851 


IT, 
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Reduction for precession—approximate formulae 


Approximate formulae for the reduction of coordinates and orbital elements referred to 
the mean equinox and equator or ecliptic of date (t) are as follows: 


For reduction to J2000-0 For reduction from J2000-0 
ay =a —M —Nsinay tandp a=a%m+M+4+N sing, tan dy 
69 = 56 — Ncosadm 6 = 69+ Necosan 
Ao =A—a+t+bcos(rA +c’) tan Bo A =ho +a — 'cos (Ap +c) tan B 
fo = B —bsin(a +c’) B = Bo + bsin (Ap +c) 

29 = 2 -—atbsin(2Q +c’) cot ig 2 = 29 +a — bsin (29 +c) coti 
ip =i —bcos(2+c’) i = ig + bcos (S29 +c) 


wo = w — bsin(2 +c’) cosec ip @® = wo + bsin (2p + c) coseci 


where the subscript zero refers to epoch J2000-0 and am, 5m refer to the mean epoch; with 
sufficient accuracy: 


On = a — i(M + N sina tan d) 
bm = 6 — 5 N COS dm 
or Am = Ao + 1(M + N sin ao tan do) 


om = 69 + 5N COS Om 


The precessional constants M, N, etc., are given by: 


M = 122811 5566 889 T + 020003 8655 1306 T” + 020000 1007 96250 T? 
— 9°60194x 107? T* — 1268806 x 107'° T> 
N = 095567 1997 306 T — 020001 1930 3722 T* — 0°0000 1161 74000 T* 
E060 ea oT — 3-4389510 | 
a = 1293968 8783 194 T + 020003 0706 5222 T? + 2°21222x 1078 T? 
= 662604010" Fo 4 42063910. | I 
b = 0°0130 5527 0278 T — 020000 0930 3500 T? + 020000 0003 48861 T? 
iol 38 OO eS GOLESI Ts 
c = 521258 9067 + 028189 93580 T + 020001 0425 6094 T? — 020001 0415 56056 T? 
— 2°480 66x 100° T°? + 42694 x10- 37> 
c’ = 521258 9067 — 0°5778 94252 T — 0°0001 6450 4278 T* — 020001 0417 77278 T° 
+ 4914628 9d 07 7? 15294410 12.9 


Formulae for the reduction from the mean equinox and equator or ecliptic of the middle 
of year (t,) to date (t) are as follows: 


a =a, +t(m+nsina, tand,) 
K=h,+T(p —2 cos (A; + 6°) tan B) 
2 = 2; +T(p — 7 sin (2; + 6°) cot i) 
@® = @, + Taz sin (22; + 6°) coseci 


6 = 6; + Tncosay, 
B = B, + tz sin (A; + 6°) 
i = 1, + tT cos ($2; + 6°) 


where t = ¢ — ft and z is the annual rate of rotation of the ecliptic. 
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Reduction for precession—approximate formulae (continued) 


The precessional constants p, m, etc., are as follows: 


Annual Epoch J2009-5 Epoch J2009-5 
general precession p = +0°013 9695 Annual rate of rotation 2 = +0°000 1305 
precession in R.A. m = +0°012 8123 Longitude of axis 1 sos al 2 Sc Soy 
precession in Dec. n = +0°005 5670 y = 180° — JT = +5°1488 


where JT is the longitude of the instantaneous rotation axis of the ecliptic, measured from the 
mean equinox of date. 


Reduction for nutation — rigorous formulae 


Nutations in longitude (Ay) and obliquity (Ae) have been calculated using the [AU 
2000A series definitions (order of las) with the following adjustments which are required 
for use at the highest precision with the IAU 2006 precession, viz: 


Ay = Awroo0a + (0-4697 x 10° — 2-7774 x 10 T) AWr000a 
Ne = Nennon = 21174 x10 ° T Aeson 
where T is measured in Julian centuries from 245 1545-0TT. Aw and Ae together with the 
true obliquity of the ecliptic (€) are tabulated, daily at 0" TT, on pages B58—-B65. Web links 
for the [AU 2000A series representing Aw200q and A€2Q994 may be found via AsA-Online. 
A mean place (r,,) may be transformed to a true place (r;), and vice versa, as follows: 
LN re tm =N |r, =N’r, 
where N=Rj,(~e) R3(—Ay) Ri(+¢,) 
€=€, + Ae 


and €, is given on page B52. The matrix for nutation is given by 


sin Aycose cos Aycosé€, cose+siné, siné cos Aw sin €, COS € —COS Eg SINE 


cos Ay — sin Ay cos €a —sin Aw sin€é, 
N= 
sinAwsine cosAycosé€,a sin€é—sin€éacose cos Ay sin€, sin €+COSs €, COS € 


Approximate reduction for nutation 


To first order, the contributions of the nutations in longitude (Aw) and in obliquity (Ae) 
to the reduction from mean place to true place are given by: 


Aa = (cose + sine sina tand) AW — cosa tand Ae Ar = Aw 
Aé = sine cosa Aw + sina Ae A =O 


The following formulae may be used to compute Ay and Ae to a precision of about 
0°0002 (1”) during 2009. 


Aw = — 0°0048 sin (311°0 — 0-053 d) Ae = + 0°0026 cos (311°0 — 0-053 d) 
— 0°0004 sin (199°6 + 1-971 d) + 0°0002 cos (199°6 + 1-971 d) 


where d = JDrr — 245 4831-5 is the day of the year and fraction; for this precision 


a= ara4 cose = 0-917 sin€ = 0-398 
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Approximate reduction for nutation (continued) 


The corrections to be added to the mean rectangular coordinates (x, y, z) to produce the 
true rectangular coordinates are given by: 


Ax =—(ycose+zsine) Ay Ay=+x Ap cose—zAe Az=+x Aw sine +y Ae 


where Ay and Ae are expressed in radians. The corresponding rotation matrix is 


J —Ay cose —Ay sine 
N= (+4 COS € 1 — Ae 


+Aw sine +Ae 1 


Combined reduction for frame bias, precession and nutation — rigorous formulae 


The angles 7, ¢, which combine frame bias with the effects of precession are given by 


y = —0/052 928 + 10/556 378 T + 0/493 2044 T? — 0/000 312 38 T° 
TSS We Tee eA 
& = 84381412 819 — 46’811 016 T + 0/051 1268 T” + 0/000 532 89 T> 
L,01440.x 10s wiit.= 4076 x LO? 
Ww = —0’041 775 + 5038481 484 T + 1/558 4175 T? — 0/000 185 22 T? 
GUAT? lOc ee LAs 7° 
Nutation (see page B55) is applied by adding the nutations in longitude (Ay) and obliquity 


(Ae) thus \ 

w=w+Ay and € =€a + Ae 
Values for Aw and Ae are tabulated daily on pages B58—B65 with ¢, the true obliquity of the 
ecliptic, while €, is given on page B52. 


Thus the reduction from a geocentric position r with respect to the GCRS to a position 
r; with respect to the (true) equator and equinox of date, and vice versa, is given by: 


r=Mr=NPBr. rebo PN tr=—B PN tr 
or where M = R;(~e) R3(—) Ri(¢) Ra(7) 
and the matrices B, P and N are defined in the preceding sections. The combined matrix M 


(see page B50) is tabulated daily at 0" TT on even numbered pages B30-B44. There should 
be no significant difference between the various methods of calculating M. 


Values for the middle of the year, epoch J2009-5 for y, ¢, Ww, €a, and the combined bias 
and precession matrices are 
F-W Bias and Precession Angles 7, ¢, w, and €, 
+095 +0°000 265 @ = +843 76/97 = +23°438 046 
+478"63 = +0°132 952 CAs pas, 26016196 23 ae Ass 043 


I 
II 


qi NI 
II 


+0-002 124 366 +0-999 997 744 —0-000 000 935 
+0-000 922 976 —0-000 001 025 +0-999 999 574 


where the combined frame bias and precession matrix has been calculated by ignoring the 
terms Aw and Ae 


(200 997 318 —0-002 124 366 —0-000 922 25] 
PB = 
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Approximate reduction for precession and nutation 


The following formulae and table may be used for the approximate reduction from the 
equator and equinox of J2000-0 (or from the GCRS if the small frame bias correction is 
ignored) to the true equator and equinox of date during 2009: 

a=ao+ f +g sin(G + a) tan $9 
6 = 60 + g cos(G + a) 


where the units of the correction to @ and 59 are seconds and arcminutes, respectively. 


Date f g g G Date fi g g G 
s s / h m S s / h m 
Jan. -1 = Oc el -4 3-0 3053 July 8 Spell Il Binks 8) 5s) 
9x +28-6 12-4 3-11 23 54 18 +30-3 13:2 3:29 23 55 
19 SNS MPAs) BIA P2358} 28x +30:4 13:2 3-30 23 55 
29 se oxtey oliDAsyy Boils 2B 5B} Aug. 7 SESKO ES ulisashee sisi) « 2/8) G6) 
Feb. 8 =+20:9 12-6 3-14 = 23"53 17 AeSOKey  dlepsi 9B) P22) Ss) 
18x +29:0 12:6 3-15 23 53 Qi +30:6 13:3 3-33 23 55 
28 29-0" 12-6 3-16 ~~ 23°53 Sept. 6x +30:7 13-3° 3-34 23 55 
Mar. 10 Soo Amery 3-17 28853 16 +30:8 13-4 3-35 23 55 
20 29-22 te 3 = 23"53 26 +30:8 13-4 3:35 23 55 
30% D9 -2e I] F348 = 23e53 Oct. 6 +30:9 13-4 3-36 23 55 
Apr. 9 SPAS) oF Boils BSS) 16x APsildd) Sie) Binshy/ WB) Sp) 
19 +29-4 12-8 3:19 23 53 26 Holl eS -petS-37 8 2356 
29 +29-5. 12-8 3-20 23 54 Nov. 5 = Sel S56 3:38" "287 56 
May 9x 29 seeel2-8 93-21 = 2354 15 +31-2 13:6 3-39 23 56 
19 +29-65"°°12-9 3:22 ©23°54 25x +-31°3 “13-6'' 3-40” 23°56 
29 +29-8 12:9 3-23 23 55 Dec. 5 +31-4 13-7 3-42 23 57 
June 8 +29-8 13-0 3-24 23 55 15 Soles) elo eb S430) 23°57 
18x +-29-9E80 113-0 3-25 = 23855 25 SPS l7 1B -Sit 8-445" 23°57 
28 30: Teeiigil 3:27 © 23855 35x} +31-8 13:8)' 3-45 23 57 


July 8 +-30-25e8 13-1 3°28 % 2355 
* 40-day date + 400-day date for osculation epoch 


Differential precession and nutation 


The corrections for differential precession and nutation are given below. These are to be 
added to the observed differences of the right ascension and declination, Aa and Ad, of an 
object relative to a comparison star to obtain the differences in the mean place for a standard 
epoch (e.g. J2000-0 or the beginning of the year). The differences Aw and Aé are measured 
in the sense “object — comparison star’, and the corrections are in the same units as Aa and 
Ab. 


In the correction to right ascension the same units must be used for Aw and Ad. 


correction to right ascension e tand Aa — f sec* 6 Ad 
correction to declination f Aa 
where e€ = —cosa(nt+sine Aw) — sina Ae 
f = +sina (nt +sine Ay) — cosa Ae 
€ = 23°44, sine = 0-3978, and n =0-000 0972 radians for epoch J2009-5 


t is the time in years from the standard epoch to the time of observation. Aw, Ae are 
nutations in longitude and obliquity at the time of observation, expressed in radians. (1" = 
0-000 004 8481 rad). 


The errors in arc units caused by using these formulae are of order 10~* ¢? sec? 5 multiplied 
by the displacement in arc from the comparison star. 
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Date 
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Jan. 


Feb. 
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FOR 0° TERRESTRIAL TIME 


NUTATION 
in Long. in Obl. 
Avr Ae 
+ 13-3869 + 5-5440 
+ 13-3906 + 5-:5867 
+13-3583 + 5-6188 
+13-3024 + 5-6338 
+13-2418 + 5-6274 
+ 13-2000 + 5-5990 
+13:2014 + 5.5530 
+ 13-2658 + 5-4989 
+13-4006 + 5-4507 
+ 13-5941 + 5.4235 
+ 13-8147 + 5.4280 
+14:0186 + 5-4658 
+14-1661 + 5-5275 
+ 14-2364 + 5-5965 
+ 14-2332 + 5-6558 
= 14:0791  =-115:6937 
+ 14-1043, + 5-7062 
+14-0365 + 5-6959 
+ 13-9950 + 5.6695 
Tol 9925 OS 50 
+ 14-0293 + 5-6025 
+14-1019 + 5-5775 
+ 14-2009 + 5-5660 
+ 14-3134 + 5-5715 
+14-4244 +4 5-5951 
145187 => 5:6352 
+14-5828 + 5-6878 
+14-6070 + 5-7465 
+ 14-5879 + 5.8037 
+14-5290 + 5-8513 
+14:4419 + 5.8824 
+ 14.3443 + 5-8924 
+ 14-2587 + 5.8804 
+ 14-2078 + 5.8499 
+14:2102 + 5-8091 
+14-2753 + 5-7695 
+ 14.3983 + 5-7443 
+ 14-5583 + 5-7444 
1472127 =" 5:7753 
+ 14-8484 + 5.8332 
+14-9102 + 5-9059 
+ 14-8963 + 5-9767 
+14-8188 + 6-0303 
+14-7052 + 6-0579 
+14:5870 + 6.0589 
+ 14-4901 + 6-0387 
+14-4302 + 6.0064 


True Obl. 
of Ecliptic 
€ 
23°26 
22-7356 
22-7770 
22-8079 
22-8216 
22-8139 


22-7843 
22-7370 
22.6816 
22-6321 
22-6036 


22-6068 
22-6434 
22:7038 
22-7715 
22-8295 


22-8661 
22-8773 
22-8657 
22-8381 
22-8029 


22-7685 
22-7422 
22:7294 
22-7337 
22-7560 


22-7948 
22-8461 
22.9036 
22-9595 
23-0058 


23-0356 
23-0443 
23-0310 
22-9993 
22-9572 


22:9163 
22-8897 
22-8886 
22-9182 
22.9748 


23-0462 
23-1157 
23-1681 
23-1945 
23-1941 


23-1727 
23-1391 


Julian 
Date 
Onan 

245 


4831-5 
4832-5 
4833-5 
4834.5 
4835-5 


4836-5 
4837-5 
4838-5 
4839.5 
4840.5 


4841.5 
4842-5 
4843.5 
4844.5 
4845.5 


4846-5 
4847.5 
4848.5 
4849.5 
4850-5 


4851-5 
4852-5 
4853.5 
4854.5 
4855.5 


4856-5 
4857-5 
4858-5 
4859.5 
4860-5 


4861.5 
4862-5 
4863-5 
4864.5 
4865-5 


4866-5 
4867.5 
4868-5 
4869-5 
4870-5 


4871.5 
4872-5 
4873-5 
4874.5 
4875.5 


4876.5 
48775 


t+ Fttt+ Ftttee FH+tte FHtHtHt FHFEHEH FHEFHe FFG FHHtt H$4+44¢4 


CELESTIAL INTERMEDIATE 
Pole Origin 

xX Y¥ S 

Ui iif 1" 
185-6521 + 5-3425 0-0000 
185-7085 + 5-3851 0-0000 
185-7506 + 5-417] 0-0000 
185-7833" V+ 5:4321 0.0000 
185-8140 + 5-4256 0.0000 
185-8522 .--+ 53-3972 0-0000 
185-9076 + 5-3510 0-0000 
185-9880 + 5-2968 + 0-0001 
186-0963 + 5-2483 + 0-0001 
186-2281 + 5-2208 + 0-0001 
186-3708 + 5:2251 + 0-0001 
186-5068 + 5-2626 + 0-0001 
186-6205 + 5-:3241 + 0-0001 
186-7035 + 5-3929 0-0000 
186-7572 + 5-4521 0-0000 
186:7906 + 5.4899 0.0000 
186-8158 + 5-5023 0-0000 
186-8436 + 5-4919 0-0000 
186-8822 + 5.4655 0.0000 
186-9357 + 5-4315 0-0000 
187-0052. + 5-3983 0-0000 
187-0889 + 5-3730 0-0000 
187-1832 + 5-3614 0-0000 
187-2828 + 5-3667 0-0000 
187-3818 + 5-3901 0-0000 
187-4743 + 5-4300 0-0000 
187-5548 + 5.4824 0-0000 
187-6194 + 5-5410 0-0000 
187-6668 + 5-5981 — 0-0001 
187-6984 + 5-6456 — 0-0001 
187-7186 + 5-6766 — 0-0001 
187-7347 + 5-6865 — 0-0001 
187-7555 + 5-6745 — 0-0001 
187-7901 + 5-6440 — 0-0001 
187-8458 + 5-6031 — 0-0001 
187-9265 + 5-5633 0-0000 
188-0302 + 5-5378 0-0000 
188-1488 + 5.5378 0-0000 
188-2685 + 5-5683 0-0000 
188-3741 + 5-6260  — 0-0001 
188-4537 + 5-6985 — 0-0001 
188-5032, + 5-7692 — 0-0001 
188-5274 + 5-8228 — 0-0001 
188-5371 + 5-8504 — 0-0002 
188-5450 + 5-8514 — 0.0002 
188-5612 + 5-8312 — 0-0002 
188-5922. + 5-7988 — 0-0001 
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0° TT 
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NUTATION, OBLIQUITY & INTERMEDIATE SYSTEM, 2009 B59 


FOR 0° TERRESTRIAL TIME 


NUTATION 
in Long. in Obl. 
Aw Ae 
+ 14-4302 + 6.0064 
+14-4125 + 5-9715 
+ 14-4335 + 5.9425 
+ 14-4841 + 5.9255 
+14-5517 + 5-9245 
+ 14-6218 + 5-941] 
+ 14-6793 + 5-9743 
+14-7106 + 6-0207 
+14-7048 + 6-0749 
+ 14-6560 + 6-1295 
+14:5654 + 6-1761 
+14-4421 + 6.2068 
+ 14-3033 + 6-2162 
+14:1714 + 6-2022 
+14-0701 + 6-1679 
+14-0189 + 6-1208 
+ 14-0277. + 60724 
+14-0932 + 6-0348 
+14-1985 + 6-0188 
+14:3150 + 6-0301 
+ 14-4096 + 6-0676 
+14-4532 + 6-1229 
+ 14-4296 + 6-1823 
+14-3410 + 6-2307 
+14-2066 + 62567 
+14:0556 + 6-2554 
= 13-9170) =-" 6:2292 
+ 13:81245" -F 26-1857 
a pulsRIBYAL  o (opilepy? 
SplSe/ Sie 80-087 1 
+13-7549 + 6.0493 
+ 13-7968 + 6:0266 
+13-8464 + 6.0213 
+13-8887 + 6-0330 
+ 13-9098 + 6.0588 
+ 13-8984 + 6.0941 
+13-8472 + 6-1322 
+13-7546 + 6-1650 
+13-6267 + 6-1845 
+ 13-4777 + 6-1836 
+13-3295 + 6-1587 
+ 13-2074 + 61109 
+13-1342 + 6-047] 
+ 13-1232. + 5-9786 
+ 13-1735 + 5-9187 
+13-2684 + 5-8791 
+ 13-3798 + 5-8662 


True Obl. 
of Ecliptic 
E 
2BEI26' 
23-1391 
23-1029 
23-0726 
23-0543 
23-0521 


23-0673 
23-0992 
23-1444 
23-1974 
23-2506 


23-2959 
23-3254 
23-3335 
23-3182 
23-2826 


23-2343 
23-1845 
23-1457 
23-1284 
23-1384 


23-1747 
23-2287 
23-2867 
23-3339 
23-3586 


23-3560 
23-3285 
23-2838 
23-2319 
23-1826 


23-1435 
23-1196 
23-1130 
23-1233 
23-1479 


23-1819 
23-2187 
23-2502 
23-2684 
23-2663 


23-2401 
23-1910 
23-1259 
23-0561 
22-9950 


22-9541 
22.9399 


Julian 
Date 
OPED: 

245 


4877-5 
4878-5 
4879.5 
4880-5 
4881-5 


4882-5 
4883-5 
4884.5 
4885.5 
4886-5 


4887.5 
4888-5 
4889.5 
4890.5 
4891.5 


4892-5 
4893-5 
4894.5 
4895.5 
4896.5 


4897.5 
4898-5 
4899.5 
4900-5 
4901-5 


4902.5 
4903-5 
4904-5 
4905.5 
4906-5 


4907-5 
4908-5 
4909.5 
4910-5 
4911-5 


4912-5 
4913-5 
4914.5 
4915-5 
4916.5 


4917.5 
4918-5 
4919.5 
4920-5 
4921.5 


4922.5 
4923.5 


tH HEHEHE HEHEHE HHH HHE+EHEHE FHtHHe HHHHEH+ $+ttH HHH +PFH+H44+ 


CELESTIAL INTERMEDIATE 


Pole Origin 
xX Y¥ & 
188-5922 + 5-7988 — 0-0001 
188-6400 + 5-7638 — 0-0001 
188-7031 + 5-7346 — 0-0001 
188-7781 + 5-7175 — 0-0001 
188-8599 + 5-7163 — 0-0001 
188-9427 + 5-7327 — 0-0001 
189-0205 + 5-:7657 — 0-0001 
189-0879 + 5-8121 — 0-0001 
189-1406 + 5-8662 — 0-0002 
189-1762 + 5-9206 — 0-0002 
189-1951 + 5-9672 — 0-0002 
189-2010 + 5-9979 — 0-0002 
189-2007 + 6-0073 — 0-0002 
189-2030 + 5.9933 — 0-0002 
189-2175 + 5:9589  — 0-0002 
189-2519 + 5-9118 — 0-0002 
189-3102 + 5-8632 — 0-0002 
189-3911 + 5-8255 — 0-0001 
189-4878 + 5-8093 — 0-0001 
189-5891 + 5-8204 — 0-0001 
189-6816 + 5-8577 — 0-0001 
189°7539) 15-9129) 10-0002 
189-7996 + 5-9721 — 0-0002 
189-8193 + 6-:0205 — 0-0002 
189-8208 + 6-0464 — 0-0002 
189-8156 + 6-0451 — 0-0002 
189-8153 + 6-0189 — 0-0002 
189-8284 + 5:9755 — 0-0002 
189-8592 + 5-9249 — 0-0002 
189-9075 + 5-8767 — 0-0002 
189-9699 + 5-8388 — 0-0001 
190-0414 + 5-8159 — 0-0001 
190-1160 + 5-8105 — 0-0001 
190-1877. + 5-8220 — 0-0001 
190-2510 + 5-8477 — 0-0001 
190-3014 + 5-8829 — 0-0002 
190-3360 + 5-9208 — 0-0002 
190-3541 + 5-9537 — 0-0002 
190-3582 + 5-9731 — 0-0002 
190:3538 -+ 5:9723 — 0:0002 
190-3496 + 5-9474 — 0-0002 
190-3558 + 5:8995 — 0-0002 
190-3814 + 5-8356 — 0-0001 
190-4318 + 5-7670 — 0-0001 
190-5065 + 5:7070 — 0-0001 
L90:599 1 Se -5:6072 0-0000 
190-6983 + 5-6541 0-0000 


B60 NUTATION, OBLIQUITY & INTERMEDIATE SYSTEM, 2009 


Date 
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(— a — lo a 
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nh Wn — 
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a al 


FOR 0° TERRESTRIAL TIME 


NUTATION 
in Long. in Obl. 
Aw Ae 
+ 13-2684 + 5-8791 
+13:3798 + 5-8662 
SANE) a> sts) 
=e 1325275) ==8 5-919 
+13-5189 + 5-9514 
+13-4485 + 5-9844 
ate lS 0299 Neer 9995 
+13-1874 + 5-9895 
+13-0488 + 5-9545 
+12-9381 + 5-8995 
= 128/030" 1-8-8339 
+ 12-8494 + 5-7665 
+ 12-8702 += 55-7072 
+12-9204 + 5-6621 
+12-9848 + 5-6344 
+13-0474 + 5.6244 
+ 13-0934 + 5.6299 
+13-1112 + 5-6467 
+13:0927 + 5-6686 
+ 13-0347 + 5-6886 
+12:9405 + 5.6987 
+12-8208 + 5-6916 
+12-6941 + 5-6619 
+12:5851 + 5-6082 
a RE a= seaol0) 
+12:5175 + 5.4524 
+ 12-5837 +) 5.3745 
+12-7052 + 5-3154 
=l2-85309) *--8 5:2838 
tq L2:9915 785-2812 
+ 13-0887 + 5-3006 
te 1321259) 39533299 
+13-1002 + 5-3556 
+ 13:02391) * -5:3660 
+12-9193 + 5.3540 
+12-8124 + 5.3182 
+12:7271 +" 5.2621 
+ 12-6803 + 5-1931 
12-6798" + 5.1205 
+12:7234 + 5-0534 
+12-8015 + 4.9989 
+12:8994 + 4.9615 
+13-0007 + 4-9426 
+13:0896 + 4.9406 
+ 13-1533 + 4-9516 
+13-1827 + 4-9701 
+13-1738 + 4.9892 


True Obl. 
of Ecliptic 
€ 
23° 26’ 
22-9541 
22-9399 
22-9519 
22-9831 
23-0213 


23-0530 
23-0666 
23-0555 
23-0192 
22-9629 


22-8957 
22-8273 
22-7668 
22-7204 
22.6914 


22-6801 
22-6844 
22.6998 
22-7205 
22-7392 


22-7480 
22-7396 
22-7086 
22-6537 
22-5792 


22-4953 
22-4162 
22-3557 
22-3229 
22-3189 


22-3371 
22-3651 
22-3895 
22-3986 
22-3854 


22-3483 
22-2908 
22-2206 
22-1467 
22-0783 


22-0226 
21-9839 
21-9637 
21-9604 
21-9701 


21-9873 
22-0052 


Julian 
Date 
Oar 

245 


4922-5 
4923-5 
4924.5 
4925.5 
4926-5 


4927-5 
4928-5 
4929.5 
4930-5 
4931-5 


4932-5 
4933.5 
4934.5 
4935.5 
4936.5 


4937-5 
4938.5 
4939.5 
4940.5 
4941-5 


4942.5 
4943.5 
4944.5 
4945.5 
4946-5 


4947.5 
4948.5 
4949.5 
4950.5 
4951.5 


4952.5 
4953-5 
4954.5 
4955.5 
4956-5 


4957.5 
4958.5 
4959.5 
4960.5 
4961.5 


4962-5 
4963-5 
4964-5 
4965.5 
4966-5 


4967.5 
4968.5 


++ ++tt+ F+HH+H+ FHFHH+ FHHHH FHEFH+H FHE+EHHE HHH4H4H $+44¢4+ 44444 


CELESTIAL INTERMEDIATE 
Pole Origin 

xX Y S 

UA ivf A 
190-5991 + 5-6672 0-0000 
190-6983 + 5-6541 0-0000 
190-7912 + 5-6672 0-0000 
190-8668 + 5-6995 - 0-0001 
190-9184 + 5-7388 — 0-0001 
190-9453 + 5-7718 — 0-0001 
190-9531 + 5-7867 — 0-0001 
190-9512 + 5-7768 — 0-0001 
190-9509 + 5-7418 — 0-0001 
190-9616 + 5-6868 — 0-0001 
190-9894 + 5-6208 0-0000 
19920358), ©S--1 5:5536 0-0000 
191-0988 + 5-4943 0-0000 
191-1736 + 5-4490 + 0-0001 
191-2540 + 5-4211 + 0-0001 
191-3337 + 5-4109 + 0-0001 
191-4069 + 5.4163 + 0-0001 
191-4689 + 5.4329 + 0-0001 
191-5165 + 5-4548 + 0-0001 
191-5483 + 5-4747 + 0-0001 
191-5657 + 5-4847 + 0-0001 
191-5730 + 5-4776 + 0-0001 
191-5774 + 5.4479 + 0-0001 
191-5888 + 5-3942 + 0-0001 
191-6175. + 5-3209 + 0-0001 
191-6713 + 5-2382 + 0-0002 
191-7524 + 5-1602 + 0-0002 
191-8554 + 5-1008 + 0-0002 
191-9691 + 5-0690 + 0-0002 
192-0790 + 5-0661 + 0-0003 
192-1726 + 5-0853 + 0-0002 
192-2423, + 5-1145 + 0-0002 
192-2870 + 5-1401 + 0-0002 
192-3115 + 5.1504 + 0-0002 
192-3248 + 5-1384 + 0-0002 
192-3371 + 5-1025 + 0-0002 
192-3579 + 5-0464 + 0-0003 
192-3940 + 4.9773 + 0-0003 
192-4485 + 4.9046 + 0-0003 
192-5206 + 4-8373 + 0-0004 
192-6064 + 4-7827 + 0-0004 
192-7001 + 4.7451 + 0-0004 
192-7953 + 4-7260 + 0-0004 
192-8855 + 4-7237 + 0-0004 
192-9657 + 4-7346 + 0-0004 
193-0323 + 4.7529 + 0-0004 
193-0837 + 4.7720 + 0-0004 


Date 


0° TT 


May 


June 


July 
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NUTATION, OBLIQUITY & INTERMEDIATE SYSTEM, 2009 B61 


FOR 0" TERRESTRIAL TIME 


NUTATION 
in Long. in Obl. 
Aw Ac 
A a 

+13-1738 + 4.9892 
+13-1282 + 5-0018 
+13-0538 + 5-0007 
+12-:9656 + 4.9800 
+12-8848 + 4.9367 
+12-:8369 + 4.8723 
+12:8455 + 4-7938 
+12:9246 + 4.7139 
+ 13-0704 + 4-6480 
+13-2588 + 4.6088 
+13-4515 + 4-6015 
+13-6091 + 4-6216 
+13-7048 + 4-6567 
+13:7315 + 4.6916 
+13-6999 + 4.7132 
+ 13-6332 + 4-7131 
+13-5581 + 4-6895 
+13-4992 + 4.6454 
+13-4744 + 4.5876 
+13-4928 + 4.5247 
+13-5548 + 4-4655 
+13-6531 + 4.4174 
+ 13-7747 + 4-3857 
+ 13-9036 + 4.3725 
+ 14-0237 + 4-3771 
+14:1208 + 4-3964 
+14-1846 + 4.4249 
+14-2099 + 4.4562 
+14-:1971 + 4.4832 
+14-1527 + 4.4990 
+14-0890 + 4.498] 
+ 14-0243 + 4.4767 
+13-9809 + 4.4346 
+13-9821 + 4-3761 
+ 14-0467 + 4.3107 
+14-1808 + 4-252] 
+14-3718 + 4.2149 
+ 14-5874 + 4.2090 
+ 14-7848 + 4.2352 
+14-9261 + 4.2837 
+14-9925 + 4.3383 
+ 14-9890 + 4.3827 
+ 14-9380 + 4.4058 
+14-8693 + 4.4037 
+14-8107 + 4.3792 
+14-7823 + 4.3391 
+14-7949 + 4.2924 


True Obl. 
of Ecliptic 
S 
23°86) 
22-0052 
22-0165 
22-0141 
21-9921 
21-9476 


21-8818 
21-8021 
21-7209 
21-6537 
21-6132 


21-6046 
21-6234 
21-6573 
21-6909 
21-7112 


21-7099 
21-6850 
21-6396 
21-5804 
21-5163 


21-4558 
21-4065 
21-3735 
21-3590 
21-3623 


21-3803 
21-4075 
21-4375 
21-4632 
21-4778 


21-4756 
21-4529 
21-4095 
21-3497 
21-2831 


21-2232 
21-1847 
21-1775 
21-2024 
21-2496 


21-3030 
21-3461 
21-3679 
21-3645 
21-3387 


21.2974 
21-2494 


Julian 
Date 
OoaeD 

245 


4968-5 
4969-5 
4970-5 
4971-5 
4972.5 


4973-5 
4974-5 
4975-5 
4976-5 
4977-5 


4978-5 
4979.5 
4980-5 
4981-5 
4982-5 


4983.5 
4984.5 
4985-5 
4986-5 
4987.5 


4988-5 
4989.5 
4990-5 
4991.5 
4992.5 


4993-5 
4994.5 
4995.5 
4996.5 
4997.5 


4998.5 
4999.5 
5000-5 
5001-5 
5002-5 


5003-5 
5004-5 
5005-5 
5006-5 
5007-5 


5008-5 
5009-5 
5010-5 
5011-5 
5012-5 


5013-5 
5014-5 


t+ +++ HHFHHE HHH HH HHH HH HH tee FHEHEHH+ HHH HH HHH FHHHH 


CELESTIAL INTERMEDIATE 
Pole Origin 

xX ¥ S 

193-0837 + 4-7720 + 0-0004 
193-1205 + 4.7845 + 0-0004 
193-1458 + 4-7833 + 0-0004 
193-1655 + 4-7626 + 0-0004 
193-1881 + 4-7192 + 0.0004 
193-2238 + 4.6547 + 0-0005 
193-2819 + 4-5761 + 0-0005 
193-3681 + 4.4961 + 0-0005 
193-4808 + 4-4299 + 0-0006 
193-6106 + 4:3904 + 0-0006 
193-7420 + 4:3828 + 0-0006 
193-8597 + 4.4026 + 0-0006 
193-9527 + 4.4376 + 0-0006 
194-0182 + 4.4724 + 0.0006 
194-0606 + 4.4938 + 0-0005 
194-0889 + 4.4937 + 0-0005 
194-1139 + 4.4700 + 0-0006 
194-1452, + 4.4258 + 0-0006 
194-1901 + 4.3679 + 0-0006 
194-2522 + 4.3049 + 0-0006 
194-3316 + 4-2455 + 0-0007 
194-4254 + 4.1973 + 0-0007 
194-5286 + 4.1653 + 0-0007 
194-6347 + 4-1519 + 0.0007 
194-7374 + 4.1563 + 0-0007 
194-8309 + 4.1753 + 0-0007 
194-9112 + 4-2037 + 0-0007 
194-9762 + 4.2348 + 0-0007 
195-0261 + 4.2617 + 0-0007 
195-0633, + 4-2775 + 0-0007 
195-0929 + 4.2764 + 0-0007 
195-1219 + 4.2550 + 0-0007 
195-1595 + 4-2128 + 0-0007 
195-2147 + 4.1542 + 0-0007 
195-2951 + 4-0886 + 0-0007 
195-4032 + 4.0298 + 0.0008 
195-5340 + 3-9923 + 0-0008 
195-6746 + 3-9861 + 0-0008 
195-8080 + 4-0120 + 0-0008 
195-9192 + 4.0602 + 0-0008 
196-0006 + 4-1147 + 0-0007 
196-0542 + 4-1590 + 0.0007 
196-0888 + 4-1820 + 0.0007 
196-1164 + 4-1798 + 0-0007 
196-1479 + 4.1552 + 0-0007 
196-1914 + 4-1151 + 0-0007 
196-2511 + 4-0683 + 0-0008 
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Date 


0 TT 


July 


Aug. 


SmMrAIAN BWH eS 


—_ —_ 
J 


— — = 
&BwWN 


— 
nm 


FOR 0° TERRESTRIAL TIME 


NUTATION 
in Long. in Obl. 
Aw Ae 

+ 14-7823 + 4.3391 
+14-7949 + 4.2924 
+14:8499 + 4.2480 
+14:9415 + 4.2133 
+15-0579 + 4.1938 
+15:1844 + 4.1925 
+15-3050 + 4-2092 
+15:-4048 + 4.2415 
+15-4723 + 4.2844 
+15:5007. + 4.3317 
+15-4892 + 4.3762 
+15:4429 + 4.4111 
+15-3730 + 4.4307 
+15-2958 + 4.4311 
+15-2314 + 4.4116 
+15:2010 + 43751 
+ 15-2233 + 4.3286 
+15-3092 + 4-2830 
+15-4556 + 4.2518 
+15:6419 + 4.2466 
+15:8318 + 4.2732 
+15:9837 + 4.3278 
+16:0662 + 4-3968 
+16:0707 + 4-4622 
+16:0126 + 4.5087 
+15-9224 + 4.5285 
+ 15-8328 + 4.5220 
+15:7691 + 4.4960 
+15:7455 + 4.4602 
+15-:7651 + 4.4245 
+15-8225 + 4.3969 
+15:9067 + 4.3836 
+16:0033 + 4.3877 
+16:0968 + 4-4097 
+16:1721 + 4.4477 
+16:2171 + 4.4973 
+16:2236 + 4.5526 
+ 16-1888 + 4-6064 
+16:1165 + 4-6516 
+16:0167 + 4-6821 
+15:9050 + 4-6938 
+15-8005 + 4-6854 
+7 15°7233'  -=)-486593 
+15:6914 + 4-6215 
+15:7160 + 4.5814 
+15-7982 + 4-5503 
+ 15-9250 + 4-5395 


True Obl. 
of Ecliptic 
G 
2327264 
A 
21-2974 
21-2494 
21-2037 
21-1677 
21-1470 


21-1443 
21-1598 
21-1908 
21-2324 
21-2784 


21-3217 
21-3553 
21-3735 
21-3727 
21-3519 


21-3141 
21-2663 
21-2195 
21-1869 
21-1805 


21-2059 
21-2591 
21-3268 
21-3910 
21-4362 


21-4547 
21-4469 
21-4197 
21-3826 
21-3455 


21-3167 
21-3021 
21-3049 
21-3257 
21.3623 


21-4107 
21-4647 
21-5172 
21-5611 
21-5904 


21-6008 
21-5911 
21-5637 
21-5246 
21:4832 


21-4509 
21-4387 


Julian 
Date 
0° TT 
245 


5013-5 
5014-5 
5015-5 
5016-5 
5017-5 


5018-5 
5019-5 
5020-5 
5021-5 
5022-5 


5023-5 
5024-5 
5025-5 
5026-5 
5027-5 


5028-5 
5029.5 
5030-5 
5031-5 
5032-5 


5033-5 
5034-5 
5035-5 
5036-5 
5037-5 


5038-5 
5039-5 
5040-5 
5041-5 
5042.5 


5043-5 
5044.5 
5045.5 
5046-5 
$047.5 


5048-5 
5049.5 
5050-5 
5051-5 
5052.5 


5053-5 
5054-5 
5055-5 
5056-5 
5057-5 


5058-5 
5059-5 


++ ttttt Ftttt H+Ettt Ftttt FHtHe FHHFHH FFF $4444 4444+ 


CELESTIAL INTERMEDIATE 
Pole Origin 

XS Y Ss 

” Wt We 
196-1914 + 4.1151 + 0-0007 
196-2511 + 4-0683 + 0-0008 
196-3278 + 4-0236 + 0-0008 
196-4190 + 3-9887 + 0-0008 
196-5202 + 3-9691 + 0-0008 
196-6254 + 3-9675 + 0-0008 
196-7282 + 3-9840 + 0-0008 
196-8229 + 4.0161 + 0-0008 
196-9047. + 4-0588 + 0-0008 
196-9710 + 4-1060 + 0-0008 
197-0214 + 4.1504 + 0-0007 
197-0579 + 4.1852 + 0-0007 
197-0850 + 4-2047 + 0-0007 
197-1092. + 4.2050 + 0-0007 
197-1384 + 4-1855 + 0-0007 
197-1811 + 41489 + 0.0007 
197-2447 + 4.1022 + 0-0008 
197-3337 + 4-0565 + 0-0008 
197-4467 + 4-0250 + 0-0008 
197-5757 + 40195 + 0-0008 
197-7061 + 4-0459 + 0-0008 
197-8215 -+ 4.1002 + 0-0008 
197-9094 + 4.1690 + 0-0007 
197:9662 + 4.2343 + 0-0007 
197-9981 + 4.2807 + 0-0007 
198-0171 + 4.3004 + 0-0007 
198-0363 + 4-2939 + 0-0007 
198-0658 + 4-2678 + 0-0007 
198-1112 + 4.2320 + 0-0007 
198-1738 + 4-1960 + 0-0007 
198-2514 + 4.1684 + 0-0007 
198-3398 + 4.1548 + 0-0007 
198-4331 + 4.1587 + 0-0007 
198-5252, + 4.1805 + 0-0007 
198-6101 + 4.2183 + 0-0007 
198-6830 + 4.2678 + 0-0007 
198-7405 + 4.3229 + 0.0007 
198-7817 + 4.3766 + 0-0006 
198-8079 + 4.4218 + 0.0006 
198-8232 + 4.4523 + 0-0006 
198-8336 + 4.4639 + 0-0006 
198-8469 + 4.4555 + 0-0006 
198-8710 + 4.4293 + 0-0006 
198-9131 + 4:3914 + 0-0006 
198-9777 + 43512 + 0-0007 
199-0652 + 4.3199 + 0-0007 
199-1704 + 4-3088 + 0-0007 


Date 


Sept. 


Oct. 
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FOR 0° TERRESTRIAL TIME 


NUTATION 
in Long. in Obl. 
Ay Ae 

+15-9250 + 4.5395 
+16:0696 + 4.5564 
+16:1960 + 4.6017 
+16-2695 + 4.6669 
+16:2698 + 4-7368 
+16:1990 + 4.7941 
+16-:0808 + 4-8262 
+15-9490 + 4.8292 
+15-8355 + 4-8074 
+15-7607. + 4-7705 
+15-7320 + 4-7297 
+15-7455 + 4.6948 
+15-7901 + 4-6728 
+ 15-8508 + 4.6677 
+15-9120 + 4.6804 
+ 15-9586 + 4.7095 
+15-9779 + 4.7510 
+15-9607 + 4.7995 
+15-9028 + 4-8480 
+15-8060 + 4.8894 
+15-6785 + 4.9169 
=PAlS-5350.4 SF) 4:9255 
+ 15-3944 + 4.9134 
+15-2775 + 4-8821 
+15-2024 + 4.8373 
“PAS 181 = 47879 
+15-2154 + 4.7447 
+15-2952 + 4.7182 
+ 15-3984 + 4.7159 
+15-4951 + 4.7399 
ld S539) 47358 
+15-5514 + 4.8404 
+15-4808 + 4-8899 
+15-3551 + 4-9196 
+15-2026 + 4-9212 
+15-0567 + 4-8948 
+14-:9444 + 4.8478 
+ 14-8798 + 4.7914 
+ 14-8635 + 4.7370 
+14-8856 + 4.6936 
+ 14-9308 + 4-6666 
+14-9818 + 4-6577 
+15-0228 + 4-6659 
+15-0403 + 4-6878 
+15-0244 + 4-7181 
+14-9699 + 4.7505 
+ 14-8767 + 4-7778 


True Obl. 
of Ecliptic 
€ 
Daie2Oi 
21-4387 
21-4544 
21-4984 
21-5624 
21-6310 


21-6870 
21-7178 
ZACH) 
21-6964 
21-6582 


21-6161 
21-5799 
21-5567 
21-5503 
21-5618 


21-5895 
21-6298 
21-6769 
21-7242 
21-7643 


21-7905 
21-7979 
21-7844 
21-7518 
21-7058 


21-6551 
21-6107 
21-5829 
21-5793 
21-6020 


21-6461 
21-6999 
21-7482 
21-7766 
21-7769 


21-7492 
21-7009 
21-6432 
21-5876 
21-5429 


21-5146 
21-5044 
21-5113 
21-5319 
21-5610 


21-5921 
21-6181 


Julian 
Date 
O2snn 

245 


5059.5 
5060-5 
5061-5 
5062-5 
5063-5 


5064-5 
5065-5 
5066-5 
5067-5 
5068-5 


5069-5 
5070-5 
5071-5 
5072-5 
5073-5 


5074.5 
5075-5 
5076-5 
5077-5 
5078-5 


5079.5 
5080-5 
5081-5 
5082-5 
5083-5 


5084-5 
5085-5 
5086-5 
5087-5 
5088-5 


5089-5 
5090-5 
5091-5 
5092-5 
5093-5 


5094-5 
5095.5 
5096-5 
5097-5 
5098-5 


5099.5 
5100-5 
5101-5 
5102-5 
5103-5 


5104-5 
5105-5 


tH FH HHH FH HHH FHHEHH HEHEHE HHH FHHHH+H+ HH+HHH FH+FHFH+ $4444 


CELESTIAL INTERMEDIATE 
Origin 


Pole 


X 


1 
199-1704 
199-2829 
199-3881 
199-4724 
199.5275 


199-5544 
199-5623 
199-5648 
199-5744 
199-5995 


199-6428 
199-7030 
199-7755 
199-8546 
199-9338 


200-0073 
200-0699 
200-1181 
200-1500 
200-1665 


200-1707 
200-1685 
200-1674 
200-1757 
200-2006 


200-2469 
200-3153 
200-4019 
200-4978 
200-5912 


200-6696 
200-7236 
200-7505 
200-7554 
200-7496 


200-7464 
200-7565 
200-7855 
200-8338 
200-8974 


200-9701 
201-0453 
201-1165 
201-1784 
201-2270 


201-2603 
201-2781 


++ F+ttH FHHEHEH HEHEHE HEHEHE HHHHFHE FHEHHEH HHEFHEH H+EFHEH $4444 


tH FEE HE FHF HH FHHHEH HHE+EHEH HHEFHH HHEtHH HHEHHH+ $++44 44444 
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Date 


0° TT 


Oct. 
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FOR 0° TERRESTRIAL TIME 


NUTATION 
in Long. in Obl. 
Aw Ae 

+14:8767 + 4-7778 
+14-7510 + 4.7931 
+14-6053 + 4-7906 
+ 14-4578 + 4.7670 
+14-3299 + 4.7228 
+14-2421 + 4.6626 
+14-2087 + 4.5952 
+14-2334 + 4.5319 
+14:3071 + 4.4836 
+14-4086 + 4.4583 
+ 14-5092 + 4.4587 
+14:5793 + 4.4809 
+14-5964 + 4.5152 
+ 14-5512 + 4.5482 
+14-4509 + 4.5667 
+14-3170 + 4.5611 
+14-1792 + 4.5282 
+ 14-0664 + 4.4720 
+ 13-9983 + 4.4019 
+13-9817 + 4.3292 
+14-0109 + 4.2645 
+14-0718 + 4.2149 
+ 14-1463 + 4.1839 
+14-2166 + 4.1713 
+14-2676 + 4-1742 
+ 14-2884 + 4.1876 
+ 14-2726 + 4.2054 
+14-2190 + 4.2207 
+14-1319 + 4.2268 
+14-0213 + 4-2176 
+ 13-9033 + 4.1886 
+13-7982 + 4.1387 
+ 13-7283 + 4.0706 
tali3-7120 “93:9918 
+13-7581 + 3-9136 
+13-8612 + 3.8485 
+14-0008 + 3-8065 
+14-1461 + 3-7918 
+14-2649 + 3.8013 
414-3325  -+).3:8256 
+ 14-3384 + 3-8515 
+14-2881 + 3-8661 
+ 14-2006 + 3-8598 
+ 14-1025 + 3-8285 
+ 14:0214 + 3-7743 
+ 13-9786 + 3-7042 
+ 13-9853 + 3-6284 


True Obl. 
of Ecliptic 
€ 
23° 26" 
di 
21-6181 
21-6321 
21-6283 
21-6035 
21-5579 


21-4965 
21-4278 
21-3632 
21-3136 
21-2871 


21-2862 
21-3071 
21-3401 
21-3718 
21-3891 


21-3821 
21-3480 
21-2905 
21-2191 
21-1452 


21-0791 
21-0283 
20-9960 
20-9822 
20-9837 


20-9958 
21-0123 
21-0264 
21-0312 
21-0207 


20-9905 
20-9392 
20-8698 
20-7897 
20-7103 


20-6439 
20-6006 
20-5846 
20-5929 
20-6159 


20-6405 
20-6538 
20-6463 
20-6137 
20-5582 


20-4868 
20-4097 


Julian 
Date 
0" TT 
245 


5105-5 
5106-5 
5107-5 
5108-5 
5109-5 


5110-5 
$111.5 
5112-5 
5113-5 
5114-5 


$115.5 
5116-5 
5117-5 
5118-5 
5119-5 


5120-5 
5121-5 
5122-5 
$123.5 
5124-5 


5125-5 
5126-5 
5127-5 
5128-5 
5129-5 


5130-5 
$131-5 
$132.5 
$133.5 
5134-5 


$135.5 
$136.5 
5137-5 
$138.5 
$139.5 


$140.5 
$141.5 
5142-5 
5143-5 
5144.5 


5145.5 
5146-5 
5147.5 
5148-5 
5149.5 


5150-5 
5151-5 


++ +++ te FHFHHt FHEHHHE FHEFHEH FH+EHEH FHFHEH HH$EHH +HHHFH4 $4444 


CELESTIAL INTERMEDIATE 


Pole 
xX 


201-2781 
201-2830 
201-2799 
201-2761 
201-2800 


201-2998 
201-3412 
201-4058 
201-4899 
201-5851 


201-6799 
201-7627 
201-8245 
201-8615 
201-8765 


201-8781 
201-8781 
201-8879 
201-9156 
201-9637 


202-0300 
202-1090 
202-1934 
202-2762 
202-3514 


202-4146 
202-4632 
202.4968 
202-5170 
202-5279 


202-5357 
202-5487 
202-5756 
202-6238 
202-6969 


202-7926 
202-9029 
203-0156 
203-1177 
203-1995 


203-2568 
203-2917 
203-3117 
203-3275 
203-3500 


203-3877 
203-4450 


t+ $H+tt F+EHHH HHE+HH HHH FHEFHHE HFHEFHH HHHtt H+HHEH+ HHEH4EH 


++i t+ttt HHH HH+ H+ FH+te+ F+te+ HF+Hee Fttee $Ft+tee $¢$4t+444 


Origin 


Date 


OTE 


Nov. 16 


Ne ee 
owetnz 


YN NN WY 
nh WN = 


wrynrNynr wv 
— a =o a ay 


SmMAAD NHLWYN 


—_ 
i—) 


eal alll on tll ell on’ 
nh WN = 


n= = = 
— a — lo a i 


YwRNY WN WY 
nb WN = 


eBnNbv bv Ww 
— a — ae a By 


Q 
Ne 


NUTATION, OBLIQUITY & INTERMEDIATE SYSTEM, 2009 B65 


FOR 0° TERRESTRIAL TIME 


NUTATION 
in Long. in Obl. 
Aw Ae 
+ 13-9853 + 3-6284 
+14:0406 + 3.5574 
+ 14-1339 + 3.4996 
+ 14-2484 + 3-4600 
+ 14-3654 + 3-4399 
+14-4677 + 3.4373 
+ 14-5423 + 3-4475 
+14:5814 + 3.4647 
+ 14-5825 + 3-4821 
+14:5486 + 3.4931 
+ 14-4879 + 3.4917 
+ 14-4139 + 3.4731 
+ 14-3445 + 3.4350 
+ 14-3009 + 3-3780 
+ 14-3036 + 3-3073 
+14-3678 + 3-2323 
+14-4959 + 3-1657 
+14-6737. + 3-1201 
+14-8712 + 3.1034 
50508) aoe 153 
+15-1804 + 3-147] 
+15:2434 + 3-1847 
1532427 7-5 3:2135 
SLOW 4 ee 3-2227) 
+15-1346 + 3-2076 
+15:0823 + 3-1697 
+ 15-0623. + 3-1153 
+15-0872 + 3-0538 
+15-1590 + 2-9948 
+15-2704 + 2.9470 
+15-4071 + 2-9163 
+15:5514 + 2.9051 
+15-6854 + 2.9124 
+ 15-7943 + 2-9347 
+15-8681 + 2-9661 
+15-9027 + 3-0000 
+15-8997 + 3-0296 
+15-8660 + 3-0490 
+15-8135 + 3-0534 
+15-:7579 + 3-0400 
+15:7180 + 3-0085 
+ 15-7133 + 2-9619 
+15-7610 + 2-9070 
+15-8705 + 2-8544 
+ 16-0382 + 2-8167 
+ 16-2428 + 2-8049 
+16:4487 + 2.8240 


True Obl. 
of Ecliptic 
(3 
23° 26’ 
20-4097 
20-3374 
20-2783 
20-2374 
20-2161 


20-2122 
20-2212 
20-2370 
20-2531 
20-2629 


20-2601 
20-2403 
20-2009 
20-1427 
20-0706 


19-9944 
19-9265 
19-8797 
19-8616 
19-8722 


19-9028 
19-939] 
19-9666 
19.9745 
19-9581 


19-9189 
19-8633 
19-8005 
19-7402 
19.6912 


19-6591 
19-6466 
19-6527 
19-6737 
19-7038 


19.7364 
19-7648 
19-7829 
19-7860 
19-7713 


19.7385 
19-6906 
19-6344 
19-5806 
19-5416 


19-5285 
19.5464 


Julian 
Date 
Ona 

245 


5151-5 
$152-5 
5153-5 
5154-5 
5155-5 


5156-5 
5157-5 
5158-5 
5159-5 
5160-5 


5161-5 
5162-5 
5163-5 
5164-5 
5165-5 


5166-5 
5167-5 
5168-5 
5169-5 
5170-5 


$171-5 
5172-5 
5173-5 
5174-5 
5175-5 


5176-5 
5177-5 
5178-5 
5179-5 
5180-5 


5181-5 
5182-5 
5183-5 
5184-5 
5185.5 


5186-5 
5187-5 
5188-5 
5189-5 
5190-5 


$191.5 
5192-5 
5193-5 
5194.5 
5195-5 


5196-5 
5197-5 


+++ F+H+HH HHH HEH HHEHHH H+HFHH FHHFHFH+ $F444+ 44444 


++ 


CELESTIAL INTERMEDIATE 
Pole Origin 

xX Y Ss 

” ”/ ” 
203-4450 + 3-3881 + 0-0012 
203-5217 + 3-3169 + 0.0012 
203-6136 + 3-2589 + 0-0012 
203-7140 + 3.2191 + 0-0013 
203-8153 + 3-1988 + 0-0013 
203-9109 + 3-1959 + 0-0013 
203-9954 + 3.2060 + 0-0013 
204-0659 + 3-2230 + 0-0013 
204-1212 + 3-2402 + 0-0013 
204-1627 + 3-2511 + 0-0012 
204:1934 + 3-2496 + 0-0012 
204-2188 + 3-2310 +4 0-0013 
204-2460 + 3-1928 + 0-0013 
204-2833 + 3-1358 + 0-0013 
204-3391 + 3-0649 + 0-0013 
204-4194 + 2.9898 + 0-0014 
204-5250 + 2-9230 + 0-0014 
204-6505 + 2-8771 + 0-0014 
204-7839 + 2-8600 + 0-0014 
204-9103 + 2:8716 + 0-0014 
205-0168 + 2-9032 + 0-0014 
205-0968 + 2-9406 + 0-0014 
205-1514 + 2.9693 + 0-0014 
205-1883 + 2-9784 + 0-0014 
205-2182 + 2-9632 + 0-0014 
205-2522 + 2-9252 + 0-0014 
205-2990 + 2-8708 + 0-0014 
205-3636 + 2-8091 + 0-0015 
205-4469 + 2-7499 + 0-0015 
205:5460 + 2-7019 + 0-0015 
205-6551 + 2:6709 + 0-0015 
205:7673 + 2.6594 + 0-0016 
205:8755 + 2-6666 + 0-0015 
205-9738 + 2-6886 + 0-0015 
206-0581 + 2-7198 + 0-0015 
206-1268 + 2-7535 + 0-0015 
206-1805 + 2-7830 + 0-0015 
206-2220 + 2-8023 + 0-0015 
206:2560 + 2-8067 + 0-0015 
206-2888 + 2-7932 + 0-0015 
206-3277 + 2-7616 + 0-0015 
206:3806 + 2-:7148 + 0-0015 
206-4543 + 2-6598 + 0-0016 
206-5526 + 2:6070 + 0-0016 
+ 206-6741 + 25690 + 0-0016 
206-8103 + 2:5569 + 0-0016 
206-9471 + 2:5757 + 0.0016 


B66 REDUCTION OF CELESTIAL COORDINATES 


Planetary reduction overview 


Data and formulae are provided for the precise computation of the geocentric apparent 
right ascension, intermediate right ascension, declination, and hour angle, at an instant of 
time, for an object within the solar system, ignoring polar motion (see page B84), from a 
barycentric ephemeris in rectangular coordinates and relativistic coordinate time referred to 
the International Celestial Reference System (ICRS). 


1. Given an instant for which the position of the planet is required, obtain the dynamical 
time (TDB) to use with the ephemeris. If the position is required at a given Universal 
Time (UT1), or the hour angle is required, then obtain a value for AT, which may 
have to be predicted. 


2. Calculate the geocentric rectangular coordinates of the planet from barycentric 
ephemerides of the planet and the Earth at coordinate time argument TDB, allowing 
for light time calculated from heliocentric coordinates. 

3. Calculate the geocentric direction of the planet by allowing for light deflection due to 
solar gravitation. 

4. Calculate the proper direction of the planet by applying the correction for the Earth’s 
orbital velocity about the barycentre (i.e. annual aberration). The resulting vector 
(from steps 2-4) is in the Geocentric Celestial Reference System (GCRS). 


Equinox Method CIO Method 
5. Apply frame bias, precession and nuta- 5. Rotate from the GCRS to the interme- 


es 


tion to convert from the GCRS to the 
system defined by the true equator and 
equinox of date. 


. Convert to spherical coordinates, giving 


the geocentric apparent right ascension 
and declination with respect to the true 
equator and equinox of date. 


. Calculate Greenwich apparent sidereal 


time and form the Greenwich hour angle 
for the given UT1. 


7. Calculate the 


diate system using X,¥ and s to apply 
frame bias and precession-nutation. 


6. Convert to spherical coordinates, giving 


the geocentric intermediate right ascen- 
sion and declination with respect to the 
CIO and equator of date. 


Earth rotation angle 
and form the Greenwich hour angle for 
the given UT1. 


Alternatively, if right ascension is not required, combine Steps 5 and 7 


Apply frame bias, precession, nutation, *5. Rotate, using X, Y, s and @ to ap- 


and Greenwich apparent sidereal time 
to convert from the GCRS to the Ter- 
restrial Intermediate Reference System; 
with origin of longitude at the TIO, and 
the equator of date. 


ply frame bias, precession-nutation and 
Earth rotation, from the GCRS to the 
Terrestrial Intermediate Reference Sys- 
tem; with origin of longitude at the TIO, 
and equator of date. 


*6. Convert to spherical coordinates, giving the Greenwich hour angle (H) and declination 
(5) with respect Terrestrial Intermediate Reference System (TIO and equator of date). 


Note: In Steps 7 and Steps *5 the effects of polar motion (see page B84) have been ignored; 
they are the very small difference between the International Terrestrial Reference Frame (ITRF) 
zero meridian and the TIO, and the position of the CIP within the ITRS. 


REDUCTION OF CELESTIAL COORDINATES B67 


Formulae and method for planetary reduction 


Step 1. Depending on the instant at which the planetary position is required, obtain the 
terrestrial or proper time (TT) and the barycentric dynamical time (TDB). Terrestrial time is 
related to UT1, whereas TDB is used as the time argument for the barycentric ephemeris. For 
calculating an apparent place the following approximate formulae are sufficient for converting 
from UT1 to TT and TDB: 


TTS "UT Ar TDB = TT + 0°001 657 sin g + 0-000 022 sin(L — L;) 
g = 357°53 + 0-985 60028 D and L—L, = 246°11 + 0-90251792 D 
where D = JD — 245 1545-0 and AT may be obtained from page K9 and JD is the Julian 
date to two decimals of a day. The difference between TT and TDB may be ignored. 
Step 2. Obtain the Earth’s barycentric position E,(t) in au and velocity E, (1) in au/d, at 
coordinate time t = TDB, referred to the ICRS. 


Using an ephemeris, obtain the barycentric ICRS position of the planet Q, in au at time (t —T) 
where t is the light time, so that light emitted by the planet at the event Q,(t — T) arrives at 
the Earth at the event E,(t). 


The light time equation is solved iteratively using the heliocentric position of the Earth (E) 
and the planet (Q), starting with the approximation t = 0, as follows: 


Form P, the vector from the Earth to the planet from the equation: 
P= 0 ¢— 7) ee) 
Form E and Q from the equations: E = E,(¢) — 8,() 
Q= Q(t — tT) —S,(¢ — 7) 
where S, is the barycentric position of the Sun. 
Calculate t from: ct = P+ (2u/c?)Inf((E + P+ Q)/(E —P+Q)] 


where the light time (tv) includes the effect of gravitational retardation due to the Sun, and 


b= GMo c = velocity of light = 173-1446 au/d 
G = the gravitational constant w/c? = 9-87 x 10~? au 
Mo = mass of Sun P=IEiO= |OWw Eh 


where | | means calculate the square root of the sum of the squares of the components. 
After convergence, form unit vectors p, q, e by dividing P, Q, E by P, Q, E respectively. 


Step 3. Calculate the geocentric direction (p,) of the planet, corrected for light deflection 
due to solar gravitation, from: 


P; = Pt 2u/c°E)((p-ae— (e-p)q)/1+q-e) 
where the dot indicates a scalar product. 
The vector p; is a unit vector to order 1/c’. 


Step 4. Calculate the proper direction of the planet (p,) in the GCRS that is moving with 
the instantaneous velocity (V) of the Earth, from: 


p, = (8 'p, + (1+ (p, -V)/ +B ')) V)/ +p, - VY) 


where V = E,/c = 0-005 7755E, and B = (1 — V’)~'/*; the velocity (V) is expressed in 
units of the velocity of light and is equal to the Earth’s velocity in the barycentric frame to 
order V?. 


B68 


REDUCTION OF CELESTIAL COORDINATES 


Formulae and method for planetary reduction (continued) 


Step 5. 


Step 6. 


Step 7. 


Equinox method CIO method 
Apply frame bias, precession and Step 5. Apply the rotation from the GCRS 
nutation to the proper direction (p,) to the Celestial Intermediate System 
by multiplying by the rotation ma- by multiplying the proper direction 
trix M = NPB given on the even (p>) by the matrix C(X, ¥, s) given 
pages B30-B44 to obtain the ap- on the odd pages B31—B45 to obtain 
parent direction p; from: the intermediate direction p; from: 
p3 = Mp) P3 = Cp, 

Convert to spherical coordinates a, Step 6. Convert to spherical coordinates «;, 
6 using: 6 using: 

a, =tan'(n/é) 6 = tan '(¢/B) a; =tan'(n/E) 6 =tan™'(¢/B) 


where p; = (€, 7, ¢), B = /(E? +n”) and the quadrant of a, or @; is determined 
by the signs of € and 7. 


Calculate Greenwich apparent side- Step 7. Calculate the Earth rotation angle 


real time (GAST) for the required (9) for the required UT1 (B21- 
UT1 (B13—B20), and then form B24), and then form 

H = GAST — a H =0 —-@; 
Note: A is usually given in arc Note: H and @ are usually given in 
measure, while GAST and right as- arc measure, while right ascension 
cension are given in units of time. is given in units of time. 


Alternatively combining steps 5 and 7 before forming spherical coordinates 


Step *5. 


Step *6. 


Apply frame bias, precession, nuta- Step *5. Apply the rotation from the GCRS 
tion, and sidereal time, to the proper to the terrestrial system by multi- 
direction (p,) by multiplying by the plying the proper direction (p,) by 
rotation matrix R3(GAST)M to ob- the matrix R3(0)C(X, ¥, 5) to ob- 
tain the position (p,) measured rel- tain the position (p,) measured with 
ative to the Terrestrial Intermediate respect to the Terrestrial Intermedi- 
Reference System: ate Reference System: 

Convert to spherical coordinates Greenwich hour angle (H) and declination & 


using: 
H= tan (—n/8), > 6 = tan” c/p) 


where py=(&,7,¢), B = /(E? +n’), and H is measured from the TIO meridian 
positive to the west, and the quadrant is determined by the signs of € and —n. 


Example of planetary reduction: Equinox Method 


Calculate the apparent place, the apparent right ascension (right ascension with respect to 
the equinox) and declination and the Greenwich hour angle, of Venus on 2009 October 18 ai 


12° 00™ 00° UT1. Assume that AT = 6630. 
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Example of planetary reduction: Equinox Method (continued) 


Step 1. 


From page B19, on 2009 October 18 the tabular JD = 245 5122-5 UTI. 
AT = TT —UT1 = 6630 = 7-638 889 x 10~* days, 


and hence evaluating g and L — L, for the required time gives 


thus 


g = 284°01, 
TDB — TT = —18-82 x 10~° days. 


IGS IES See ey 
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Therefore the instant required is JD 245 512 3-000 76 TT, and the difference between TDB 
and TT may be neglected. 


Step 2. 


the ICRS at J2000-0, which are required for the calculation, are as follows: 


Vector 


S; 


Julian date 


Rectangular components 


Tabular values, taken from the JPL DE405/LE405 barycentric ephemeris, referred to 


(0" TDB) 
245 5122-5 


245 5122-5 


245 5120-5 
245 5121-5 
245 5122-5 
245 5123-5 
245 5124-5 


245 5121-5 
245 5122-5 
245 5123-5 


x 
+0-902 377 240 


—0-007 450 997 


—0-628 761 645 
—0-638 521 145 
—0-647 774 530 
—0-656 514 536 
—0-664 734 321 
—0-003 494 692 
—0-003 498 316 
—0-003 501 933 


Hence for instant JD 245 512 3-000 76 TT 


EB = (0-902 112.052, 


+0-387 899 196, 


The first iteration, with t = 0, gives: 


P= (=1-550 827, 742, 
Q = (—0.648 715 691, 


t = 04008 985 0827 


The second iteration, with t = 04008 985 0827 using Stirling’s central-difference formula up 


—0-123 009 148, 
+0-264 890 048, 


y 
+0-383 806 141 


+0-014 293 058 


+0-309 682 035 
+0-293 162 143 
+0-276 411 037 
+0:259 442 109 
+0-242 268 923 


+0-003 057 058 
+0-003 052 321 
+0-003 047 579 


+0-168 164 461) 


—0-007 935 951) 
+0-160 228 510) 


to 5+ to interpolate Q,, and up to 6? to interpolate S,, gives: 


P= (= 1550, 749 193. 
Q = (—0-648 637 174, 


t = 04008 984 5590 


Iterate until P changes by less than 10~?. Hence the unit vectors are: 


Step 3. 


p-q = +0-869 311 521 
QU/c"E) 


l1+q-e 


—0-122 856 683, 
+0:265 042 471, 


—0-007 872 324) 
+0-160 292 119) 


Zz 
+0-166 388 734 


+0-006 196 602 


+0-178 846 056 
+0-172 030 957 
+0-165 079 805 
+0-157 998 166 
+0-150 791 708 
+0-001 323 979 
+0-001 322 011 
+0-001 320 042 


E = 0-996 268 651 


PI V353 11 S778 
Q = 0-718 798 971 


P = 1-555 628 104 
Q = 0-718 798 482 


p = (—0-996 863 703, 
q = (—0-902 390 857, 
e = (+0-905 490 753, 


Calculate the scalar products: 
e- p = —0-934 254 372 q-e = —0-635 899 728 


—0-078 975 618, 
+0-368 729 857, 
+0-389 352 004, 


—0-005 060 546) 
+0-223 000 075) 
+0-168 794 291) 


then 


((p- qe — (e- p)q) = (—0-000 000 003, +0-000 000 037, +0-000 000 019) 


and p, = (—0-996 863 706, —0-078 975 581, —0-005 060 527) 


B70 REDUCTION OF CELESTIAL COORDINATES 


Example of planetary reduction: Equinox Method (continued) 


Step 4. Take E, from the table in Step 2 and calculate: 
V = 0-005 775 518 E, = (—0-000 043 820, +0-000 082 215, +0-000 035 643) 
Then V = 0-000 099 750, 6 = 1-000 000 005 and B~! = 0-999 999 995 
Calculate the scalar product p, - V = +0-000 037 009 
Then 1 + (p, - V)/( + 67!) = 1-000 018 505 
Hence p») = (—0-996 870 629, —0-078 890 444, —0-005 024 697) 


Step 5. From page B42, the bias, precession and nutation matrix M, interpolated to the 
required instant JD 245 512 3-000 76 TT, is given by: 


+0-999 996 983 —0-002 252 953 —0-000 978 787 
M = NPB = | +0-002 252 932 +0-999 997 462 —0-000 022 573 
+0-000 978 835 +0-000 020 368 +0-999 999 521 


Hence Pp; = Mp, = (—0-996 684 967, —0-081 136 012, —0-006 002 074) 


Step 6. Converting to spherical coordinates w, = 12" 18™ 3689482, 5 = —0° 20/ 38’024. 


Step 7. From page B19, interpolating in the daily values to the required UT1 instant gives 
GAST — UT1 = 1° 48™ 2635126, and thus 
H._= (GAST — UT1),—a, + UT1 
= J? 48™ 2695126 — 1248" 3639482 + 12°-00™ 00° 
== 22°27) 237466 


where H, the Greenwich hour angle of Venus, is expressed in angular measure. 


Example of planetary reduction: CIO Method 


Step 1-4. Repeat Steps 1-4 of the planetary reduction given on page B66, calculating the 
proper direction of the planet (p,) in the GCRS, hence 


Po = (—0-996 870 629, —0-078 890 444, —0-005 024 697) 


Step 5. From pages B43 extract C, interpolated to the required TT time, that rotates the GCRS 
to the Celestial Intermediate Reference System, viz: 


+0-999 999 521 —0-000 000 014  —0-000 978 835 
C = | —0-000 000 006 +1-000 000 000 —0-000 020 368 
+0-000 978 835 +0-000 020 368 +0-999 999 521 


Hence P3 = Cpy = (—0-996 865 232, —0-078 890 336, —0-006 002 074) 
Step 6. Converting to spherical coordinates a; = 12" 18™ 0539680, 5 = —0° 20’ 38/024. 
Step 7. From page B24, interpolating to the required UT1, gives 
@ — UT1=26° 58’ 52-987 
and thus the Greenwich hour angle (H) of Venus is 
H = (9 — UT1) — a; + UT1 = 26° 58’ 52987 — (12° 18™ 0589680 + 128 00™ 008) x 15 
= 22° .27' 23466 
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Summary of planetary reduction examples 
Thus on 2009 October 18 at 12" 00™ 00° UT1, Venus’s position is 
H = 22° 27' 23/466 is the Greenwich hour angle ignoring polar motion, 
5 = —0° 20’ 38024 is the apparent and intermediate declination, 
a, = 12" 18™ 3689482 is the apparent (equinox) right ascension, and 


a; = 12" 18™ 059680 is the intermediate right ascension 


The geometric distance between the Earth and Venus at time t=JD 245 512 3-000 76TT is 
the value of P = 1-555 718 778 au in the first iteration in Step 2, where t = 0. The distance 
between the Earth at time t and Venus at time (t — T) is the value of P = 1-555 628 109 au 
in the final iteration in Step 2, where t = 04008 984 5590. 


Solar reduction 


The method for solar reduction is identical to the method for planetary reduction, except for 
the following differences: 


In Step 2 set Q, = S, and hence P = S,(¢ — t) — E,(¢). Calculate the light time (t) by 
iteration from t = P/c and form the unit vector p only. 


In Step 3 setp, = psince there is no light deflection from the centre of the Sun’s disk. 


Stellar reduction overview 


The method for planetary reduction may be applied with some modification to the calculation 
of the apparent places of stars. 


The barycentric direction of a star at a particular epoch is calculated from its right ascension, 
declination and space motion at the catalogue epoch with respect to the ICRS. If the position 
of the star is not on the ICRS, and the accuracy of the data warrants it, convert it to the ICRS. 
See page B50 for FK5 to ICRS conversion. 


The main modifications to the planetary reduction in the stellar case are: in Step 1, the 
distinction between TDB and TT is not significant; in Step 2, the space motion of the star is 
included but light time is ignored; in Step 3, the relativity term for light deflection is modified 
to the asymptotic case where the star is assumed to be at infinity. 


Formulae and method for stellar reduction 


The steps in the stellar reduction are as follows: 
Siép lew set LDB— LT. 


Step 2. Obtain the Earth’s barycentric position E, in au and velocity E, in au/d, at coordinate 
time t = TDB, referred to the ICRS. 


The barycentric direction (q) of a star at epoch J2000-0, referred to the ICRS, is given by: 
q = (cosa cos 59, Sina cos dg, sin do) 


where a and 5g are the ICRS right ascension and declination at epoch J2000-0. 
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Formulae and method for stellar reduction (continued) 


The space motion vector m = (m,,my,m-) of the star, expressed in radians per century, is 
given by: 


My = —[qSinay — [Ls Sindgcosag + VI COS dg COS A 
My = [lg COSA — [Ls Sindo Sinag + v7 cos do Sin ao 
Ne = [Ls COS do + v7 sin do 


where (ly, /4s), the proper motion in right ascension and declination, are in radians/century; [ 
is the measurement on the celestial sphere and includes the 15 cos 59 factor. Note: catalogues 
give proper motions in various units, e.g., arcseconds per century (“/cy), milliarcseonds per 
year (mas/yr). Use the factor 1/10 to convert from mas/yr to "/cy. The radial velocity (v) is 
in au/century (1 km/s = 21-095 au/century), measured positively away from the Earth. 


Calculate P, the geocentric vector of the star at the required epoch, from: 
P=q+Tm-z7kE, 


where T = (JDyr —245 1545-0) /36 525, which is the interval in Julian centuries from J2000-0, 
and JDrr is the Julian date to one decimal of a day. 


Form the heliocentric position of the Earth (E) from: 
E.= E,.—S, 
where S, is the barycentric position of the Sun at time f. 
Form the geocentric direction (p) of the star and the unit vector (e) from p = P/|P| and 
e=E/|E|. 


Step 3. Calculate the geocentric direction (p,) of the star, corrected for light deflection, from: 


P| = p+ (2u/cE)(e— (p-e)p)/(1+p-e) 


where the dot indicates a scalar product, 4/c? = 9-87 x 10~° au and E = |E|. Note that the 
expression is derived from the planetary case by substituting q = p in the equation for light 
deflection (Step 3) given on page B67. 


The vector p, is a unit vector to order p1/c?. 


Step 4. Calculate the proper direction (p,) in the GCRS that is moving with the instantaneous 
velocity (V) of the Earth, from: 


p>, = (B-'p, + (1 + (p, - V)/(1 + B7'))V)/(. +p, : V) 


where V = E,/c = 0-005 7755 E, and 6 = (1 — V?)~'/?; the velocity (V) is expressed in 
units of velocity of light and is equal to the Earth’s velocity in the barycentric frame to order 
ye 


Equinox method CIO method 
Step 5. Follow the left-hand Steps 5—7 or Step 5. Follow the right-hand Steps 5—7 or 
Steps *5—*6 on page B68. Steps *5—*6 on page B68. 


Example of stellar reduction: Equinox Method 


Calculate the apparent position of a fictitious star on 2009 January 1 at 0° 00™ 00° TT. The 
ICRS right ascension (a), declination (59), proper motions (444, 45), parallax (7) and radial 
velocity (v) of the star at J2000-0 are given by: 
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Example of stellar reduction: Equinox Method (continued) 


ay = 14> 39™ 3684958 69'=—607 507702309 Tie TA es 596 al Oe rad 
Ma = —367 8-06 mas/yr [Ls = + 482-87 mas/yr v=—21-6km/s 

= —0-001 783 174 rad/cy, = +0-000 234 102 rad/cy, va =—0-001 639 121 rad/cy 
Note: a = —367 8-06 mas/yr is the arc proper motion in right ascension in milliarcseconds 


per year that includes the 15 cos do factor. 
piep 1. “TDB ST R= JD 245 74832/5hh0. 


Step 2. Tabular values of E,, E, and S,, taken from the JPL DE405/LE405 barycentric 
ephemeris, referred to the ICRS, which are required for the calculation, are as follows: 


Vector Julian date Rectangular components 
(0° TDB) , y z 
E, 245 4832-5 —0-182 588 678 +0-891 001 709 +0-386 244 176 
E, 245 4832-5 —0-017 201 790 —0-002 964 136 —0-001 285 515 
S3 245 4832-5 —0-002 120 162 +0-004 153 998 +0-001 769 057 


From the positional data, calculate: 
q = (—0-373 860 494, —0-312 618 798, —0-873 211 210) 
m = (—0-000 687 882, +0-001 749 237, +0-001 545 387) 


Form P=q+T7m—7ZE, = (—0-373 921 752, —0-312 464 560, —0-873 073 504) 
where T = (245 4832-5 — 245 1545-0)/36 525 = +0-090 006 845, 


and form E=E, —S, = (—0-180 468 516, +0-886 847 711, +0-384 475 119), 


E =0-983:305 072 


Hence the unit vectors are: 
p = (—0-373 976 184, —0-312 510 046, —0-873 200 598) 


e = (—0-183 532 579, +0-901 904 949, +0-391 002 884) 


Step 3. Calculate the scalar product p-e = —0-554 641 496, then 
Qu/c tk) 


eee (e — (p- e)p) = (—0-000 000 018, +0-000 000 033, —0-000 000 004) 
p-e 


and p, = (—0-373 976 201, —0-312 510 013, —0-873 200 603) 


Step 4. Using E, given in the table in Step 2, calculate 
V = 0-005 775 518E, = (—0-000 099 349, —0-000 017 119, —0-000 007 425) 
Then V = 0-000 101 086, 6 = 1-000 000 005 and B~' = 0-999 999 995 
Calculate the scalar product p, - V = +0-000 048 987 
Then 1 + (p, - V)/(1 + 6!) = 1-000 024 494 
Hence p, = (—0-374 057 227, —0-312 511 822, —0-873 165 249) 

Step 5. From page B30, the bias, precession and nutation matrix M is given by: 

+0-999 997 448 —0-002 072 274 —0-000 900 m3 | 


M = NPB = | +0-002 072 250 +0-999 997 852 —0-000 027 973 
+0-000 900 340 +0-000 026 108 +0-999 999 594 


hence p; = Mp, = (—0-372 622 565, —0-313 261 866, —0-873 509 832) 


Step 6. Converting to spherical coordinates: a, = 145 40™ 1288622, 5 = —60° 52’ 08769 
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Example of stellar reduction: CIO Method 


Steps 1-4. Repeat Steps 1-4 above, calculating the proper direction of the star (p,) in the 
GCRS. Hence 


Pp, = (—0-374 057 227, —0-312 511 822, —0-873 165 249) 


Step 5. From page B31 extract C that rotates the GCRS to the CIO and equator of date, 


+0-999 999 595 —0-000 000 012 —0-000 900 340 
(er | “0. 000 012 +1-000 000 000 —0-000 026 108 
+0-000 900 340 +0-000 026 108 +0-999 999 594 


hence p3 = Cp, = (—0-373 270 926, —0-312 489 021, —0-873 509 832) 
Step 6. Converting to spherical coordinates a; = 14" 39™ 4483666, 5 = —60° 52’ 08769. 
Note: the intermediate right ascension (@;) may also be calculated thus 
aj = ae + E, = 14° 40™ 1288622 — 2884957 


where @, is the apparent (equinox) right ascension and E, is the equation of the origins, which 
is tabulated daily at 0" UT1 on pages B21-B24. 


Approximate reduction to apparent geocentric altitude and azimuth 


The following example illustrates an approximate procedure based on the CIO method for 
calculating the altitude and azimuth of a star for a specified UT1 instant. The procedure given 
is accurate to about +1”. It is valid for 2009 as it uses the relevant annual equations given 
earlier in this section. Strictly, all the parameters, except the Earth rotation angle (@), should 
be evaluated for the equivalent TT (UT1+AT) instant. 


Example On 2009 January | at 8° 20" 47° UTI calculate the local hour angle (h), declination 
(6), and altitude and azimuth of the fictitious star given in the example on page B72, for an 
observer at W 60°0, S 30°0. 


Step A The day of the year is 1; the time is 82346 39 UTI; the ICRS barycentric direction 
(q) and space motion (m) of the star at epoch J2000-0 (see page B73) are 


q = (—0-373 860 494, —0-312 618 798, —0-873 211 210), 
m = (—0-000 687 882, +0-001 749 237, +0-001 545 387)- 


Apply space motion and ignore parallax to give the approximate geocentric position of the 
star at the epoch of date with respect to the GCRS 


p=q+7m = (—0-373 922 415, —0-312 461 338, —0-873 072 100) 
where T =+0-0900 centuries from 245 1545-0 TT and p=(px, py, p-) is a column vector. 


Step B Apply aberration and precession-nutation to form 


Ky ee (1 — 1 2) Dy ~ X p, = —0-373 234 
Yj = Vy + Dy Y p, = =—0:312°457 
z= 0, + X pr + ¥ py + (1 — X*/2) p, = —0-873 424 


where 


< 
II 


l 
—(0-0172 sin L, —0-0158 cos L, —0-0068 cos L) 
Cc 


1 
= —0-016 88, —0- , —0: 
173-14 ° 0-003 05, —0-001 31) 


where v in au/day is the approximate barycentric velocity of the Earth, L = 281°1 is the 
ecliptic longitude of the Sun, and the speed of light is given by c=173-14 au/d. 
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Approximate reduction to apparent geocentric altitude and azimuth (continued) 


X, ¥ are the approximate coordinates of the CIP, given in radians, and are evaluated using the 
approximate formulae on page B46, with arguments 2 = 310°9 and 2L = 202°3, thus giving 


X = +0-000 900 and Y¥ = +0-000 026 
Therefore (x;, yj, Zi) 1s the position vector of the star with respect to the equator and CIO 
of date, i.e., the position of the star in the Celestial Intermediate Reference System. 
Converting to spherical coordinates gives a; = 14" 39™ 4483 and 5 = —60° 52’ 09” 
(see page B68 Step 6). 
Step C Transform from the celestial intermediate origin and equator of date to the observer’s 
meridian at longitude 4 = —60°0 (west longitudes are negative) 


X= sxpecos(?: --)) +4); Sin!) =-0-287,926 
Yo = —x; sin(O + A) + y; cos(@ + 4) = -+-0:392 468 
Zg = +2i = —0-873 424 


where the Earth rotation angle (see page B8) is 


8 = 99°675 403 + 0°985 6123 x day of year + 15°041 067 x UT1 
= 226-199:610 
Thus the local hour angle (/) and declination (6) are calculated using 
h = tan7'(—y¢/Xz) 
= 300 a1 5203 
5 = —60° 52’ 09” 
h is measured positive to the west of the local meridian and the declination is unchanged 


(from Step B) by the rotation. 


Step D Transform to altitude and azimuth (also see page B86), for the observer at latitude 
o = —30°0: 


x = —X, sing? + z,cosm = —0-612 444 
Yr =+y, = +0-392 468 
Zt = +x, cosd + Z, sing = +0-686 063 
Thus 
Alitinideve tan” (— ) = 4+43° 19! 29” 
Dp 2 
i Xe bY; 
Azimutheestan 7 ( *) = 147° 20’ 50” 
Xt 


where azimuth is measured from north through east in the plane of the horizon. 
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Feb. 


30 
31 


POSITION AND VELOCITY OF THE EARTH, 2009 


ICRS, ORIGIN AT SOLAR SYSTEM BARYCENTRE 
FOR 0° BARYCENTRIC DYNAMICAL TIME 


+0-893 
+0:891 
+0-887 
+0-884 
+0-880 


+0-876 
+0-872 
+0-868 
+0-863 
+0-858 


+0-853 
+0:847 
+0-841 
+0-835 
+0-829 


+0-823 
+0-816 
+0-809 
+0-801 
+0-794 


+0-786 
+0-778 
+0-770 
+0-761 
+0-752 


+0:743 
+0-734 
+0-725 
+0-715 
+0-705 


+0-695 
+0-685 
+0-674 
+0-663 
+0-652 


+0-641 
+0-630 
+0-618 
+0-606 
+0-595 


+0:582 
+0:570 
+0-558 
+0-545 
+0-532 


+0-519 
+0-506 


276 
709 
385 
516 
439 


614 
608 
080 
757 
397 


758 
562 
485 
162 
214 


286 
092 
436 
241 
550 


535 
493 
847 
144 
056 


378 
030 
059 
633 
042 


689 
079 
815 
Sui 
110 


204 
664 
291 
851 
052 


539 
897 
681 
445 
786 


369 
950 


+0-387 
+0-386 
+0:384 
+0-383 
+0-381 


+0-380 


+0-378 3 


+0-376 
+0-374 
+0-372 


+0-369 
+0-367 
+0-364 
+0-362 
+0:359 


+0-356 
+0-353 
+0:350 
+0-347 
+0-344 


+0-340 
+0-337 
+0-333 
+0-330 
+0-326 


+0-322 
+0-318 


+0:314 2 


+0-310 
+0-305 


+0-301 
+0:290 
+0-292 
+0:287 
+0-282 


+0-278 
+0:273 
+0-268 
+0-263 
+-0:257 


+-0-252 
+0-247 
+0:241 
+0:236 
+0-230 


+0-225 
+0-219 


655 


638 
176 
785 
022 
496 


865 
832 
126 
501 
710 


491 
557 
590 
249 
189 


081 
632 
601 
804 
121 


493 
yn) 
470 
256 
461 


321 
129 
237 
O51 
030 


680 
553 
235 
343 
514 


395 
631 
853 
666 
638 


304 
171 
733 
491 
973 


748 
434 


x 


S175) 
—1720 
—1714 
—1707 
—1700 


—1692 
—1684 
—1676 
—1666 
6517 


—1647 
—1636 
—1625 
—1614 
—1602 


1589 
576 
503 
—1549 
—1535 


Ssyvsh 
—1504 
—1488 
—1472 
—1455 


—1438 
—1420 
—1402 
—1383 
—1364 


—1344 
—1324 
—1304 
=1283 
—1262 


—1240 
—1218 
=1196 
—1174 
=1151 


= i2Z8 
—1104 
—1081 
—1057 
—1032 


—1008 
3985 


6514 
1790 
1522 
5783 
4657 


8246 
6666 
0045 
8520 
2220 


1248 
5663 
5473 
0634 
1071 


6701 
7451 
3268 
4124 
0011 


0937 
6923 
8002 
4214 
5606 


2235 
4171 
1493 
4294 
2680 


6772 
6701 
2611 
4654 
2991 


7784 
9193 
7363 
2414 
4427 


3437 
9437 
2391 
2256 
8995 


2595 
3066 


X, Y, Z are in units of 107° au fd. 


912 
935 
957 
980 


—1002 


1023 
—1044 
—1065 
—1086 
SLOG 


—1126 
—1145 
—1164 
=1183 
—1201 


SalI, 
—1236 
== (2/592) 
—1270 8052 
—1287 


—1303 
Sills) 


6819 
4136 
0309 
5206 
8704 


0685 
1050 
9717 
6636 
1791 


5201 
6911 
6970 
5407 
2217 


7353 
0735 
2256 
1795 
9226 


4422 
7258 
7609 
5351 
0360 


2510 
1677 
7737 
0566 
0049 


6075 
8544 
7370 
2481 
3820 


1358 
5088 
5030 
1232 
3758 


2671 
8020 
9821 


2656 


3552 
0644 


5327 
5515 
5174 
4250 
2692 


0452 
7494 
Boll 
9333 
4126 


8192 
1562 
4263 
6310 
7699 


8400 
8371 
1555 
5891 
3317 


O42 
5194 
9524 
2705 
4679 


5387 
4772 
2778 
9351 
4440 


8000 
9990 


2 0376 


9135 
6249 


1715 
5541 
7747 
8366 
7434 


4983 
1035 
3592 
8637 
0136 


5 0043 


8308 


Date 
0° TDB 


Feb. 


15 
16 
17 
18 
19 


POSITION AND VELOCITY OF THE EARTH, 2009 


ICRS, ORIGIN AT SOLAR SYSTEM BARYCENTRE 


FOR 0° BARYCENTRIC DYNAMICAL TIME 


115 
125 
982 
673 
254 


857 
698 
083 
414 
205 


086 
824 
336 
703 
180 


203 
389 
531 
585 
651 


948 
782 
512 
512 
152 


780 
721 
296 
839 
720 


365 
272 
021 
282 
821 


503 
298 
294 
701 
875 


326 
740 
986 
120 
375 


148 
970 


+0-506 
+0-493 
+0-480 
+0-466 
+0-452 


+0-438 
+0-424 
+0-410 
+0-396 
+0-382 


+0-367 
+0-353 
+0-338 
+0-323 
+0-308 


+0-293 
+0-278 
+0-263 
+0-248 
+0-233 


+0-217 
+0-202 
+0-186 
+0-171 
+0-155 


+0-139 
+0-124 
+0-108 
+0-092 
+0-077 


+0-061 
+0-045 
+0-029 
+0-013 
—0-002 


—0-018 
—0-033 
—0-049 
—0-065 
—0-081 


—0-097 
—0-112 
—0-128 
—0-144 
—0-159 


—0-175 
—0-190 


950 
382 
617 
704 
785 


089 
935 
726 
951 
185 


088 
400 
933 
557 
185 


752 
192 
416 
289 
612 


102 
386 
001 
404 
996 


153 
254 
712 
988 
602 


134 
220 
547 
851 
091 


458 
390 
982 
291 
338 


113 
598 
782 
693 
423 


151 
170 


+0-219 
+0:213 
+0-208 
+0-202 
+0-196 


+0-190 
+0-184 
+0-178 
+0-171 
+0-165 


+0-159 
+0-153 
+0-146 
+0-140 
+0-133 


+0-127 
+0-120 
+0-114 
+0-107 
+0-101 


+0-094 
+0-087 
+0:080 
+0:074 
+0-067 


+0-060 
+0-053 
+0-047 
+0-040 
+0-033 


+0-026 
+0-019 
+0-012 
+0-005 
—0-000 


—0-007 
—0-014 
—0-021 
—0-028 
—0-035 


—0-042 
—0-048 
—0-055 
—0-062 
—0-069 


—0-076 
—0-082 


434 
698 
258 
880 
377 


603 
451 
860 
804 
300 


400 
192 
794 
343 
991 


893 
191 
O11 
448 
558 


352 
797 
814 
292 
099 


095 
156 
180 
093 
860 


474 
960 
371 
782 
709 


984 
905 
33 
035 
878 


643 
132 
155 
Spl 
196 


013 
987 


++ +4+4+4+4 4+4+4+4++4 


B 


983 
958 
932 
906 
880 


854 
827 
800 
73: 
745 


al, 
689 
661 
633 
605 


576 
547 
518 
489 
460 


431 
402 
3973 
344 
314 


285 
255 
226 
196 
166 


137 
107 
71 
4] 
17 


12 
42 
71 
101 
131 


161 
190 
220 
250 
279 


308 
337 


3066 
0441 
4771 
6121 
4563 


0179 
3054 
3282 
0966 
6220 


9170 
9959 
8745 
5698 
0995 


4820 
7351 
8759 
9199 
8803 


7676 
5886 
3469 
0427 
6744 


2398 
7371 
1668 
5813 
8353 


0853 
2890 
4552 
5931 
7124 


1766 
0629 
9345 
7781 
5787 


3196 
9830 
5501 
0026 
3231 


4968 
ay tis) 


X, Y, Z are in units of 107° au / d. 


¥ 


SAUMIC) 
—1334 
—1349 
heres) 
Soda, 


=1391 
—1404 
—1417 
—1429 
—1441 


—1453 
—1464 
~1474 
—1484 
~1493 


—1502 
Sill 
SNe 
1526 
= 1533 


—1540 
—1546 
=1552 
557 
—1562 


—1566 
—1570 
S573: 
SAlsyifo 
= 1579 


—1581 
=1582 
—1584 
—1584 
—1584 


—1584 
—1583 
—1582 
—1580 
=1578 


S575: 
S572 
—1568 
—1564 
=1559 


—1554 
—1548 


0644 
3833 
3022 
8114 
9020 


5651 
7923 
5748 
9040 
7715 


1689 
0885 
5237 
4695 
9226 


8818 
3484 
3258 
8196 
8373 


3876 
4799 
1228 
3233 
0854 


4103 
2960 
7381 
7313 
2695 


3468 
579 
0977 
7619 
9461 


6463 
8582 
5778 
8011 
5247 


7467 
4667 
6872 
4132 
6523 


4149 
7124 


680 
682 
683 
684 


685 
686 
686 
687 
687 


687 
686 
686 
685 
684 


683 
681 
680 
678 
676 


673 
671 


B77 


8308 
4879 
9707 
2746 
3951 


3282 
0697 
6156 
9619 
1047 


0404 
7658 
2783 
5760 
6584 


5256 
1793 
6218 
8566 
8879 


7204 
3586 
8065 
0668 
1410 


0285 
7276 
2356 
5490 
6645 


5790 
2895 
7937 
0891 
1738 


0456 
7026 
1429 
3648 
3671 


1493 
7119 
0568 
1870 
1072 


8227 
3394 


B78 


May 
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POSITION AND VELOCITY OF THE EARTH, 2009 


ICRS, ORIGIN AT SOLAR SYSTEM BARYCENTRE 
FOR 0° BARYCENTRIC DYNAMICAL TIME 


148 
970 
482 
398 
479 


502 
243 
458 
881 
227 


205 
534 
959 
275 
339 


075 
491 
677 
809 
160 


102 
118 
818 
DO5 
442 


363 
O72 
680 
029 
652 


233 
472 
059 
652 
870 


289 
446 
847 
980 


—0-175 
—0-190 
—0-206 
—0:221 
—0:237 


—0-252 
—0-267 
—0-282 
—0-297 
—0-312 


—0:327) 
—0:342 
—0-356 
=0:371 
—0-385 


—0-399 
—0-414 
~0-428 
—0-442 
—0-455 


—0-469 
—0-483 
—0-496 
—0-509 
—0-522 


—0-535 
—0-548 
—0-561 
—0-573 
—0:586 


—0-598 
—0-610 
—0-621 
—0-633 
—0-644 


—0-656 
—0-667 
—0-678 
—0-688 
—0-699 


—0-709 
=0:719 
—0:729 
—0-738 
—0-748 


—0-757 
—0-766 


151 
170 
891 
854 
718 


2S) 
328 
874 
873 
328 


243 
608 
393 
544 
987 


631 
374 
104 
706 
059 


038 
511 
348 
426 
649 


970 
422 
158 
470, 
812 


801 
210 
951 
OS1 
633 


890 
069 
449 
329 
O18 


829 
076 
078 
160 
657 


918 
311 


—0-076 
—0-082 
—6-089 
—0-096 
—0-102 


—0-109 
(051s) 
SURI 
—0-129 
—0-135 


—0-141 
—0-148 
—0-154 
—0-160 
—0-167 


—0-173 
—0-179 
—0-185 
—0-191 
—0-197 


—0-203 
—0-209 
=O E115) 
—0-221 
—0-226 


—0-232 
—0-237 
—0-243 
—0-248 
—0-254 


—0-259 
—0-264 
—0-269 
—0-274 
—0-279 


—0-284 
—0-289 
—0-293 
—0:298 
—0-303 


—0-307 
—0-311 
—0:316 
—0-320 
—0-324 


—0-328 
—0-332 


Z 


550 
652 
676 
620 


483 
264 
961 
574 
101 


541 
892 
155 
327 
407 


394 
288 


625 
311 
564 
216 
094 


020 
811 
281 
246 
522 


931 
301 


++t+4++ 4+ 4+ 44+ 4+4+4+4+ 4444+ 44444 
R 
Nn 


a 77 
+1001 
+1024 
+1047 
+1070 


+1092 
+1114 
Slullsis) 
+1156 
+1177 


+1198 
+1218 
+1237 
ail 283// 
+1276 


+1294 
ap boil is) 
=p lave 
+1348 
+1365 


+1382 
=FILS29 


4968 
5113 
3576 
0297 
5245 


8413 
9813 
9468 
7400 
3623 


8135 
0918 
1933 
1125 
8428 


3765 
7055 
8212 
7145 
3758 


7945 
9588 
8553 
4687 
7824 


7791 
4422 
7570 
13s) 
3015 


5207 
3700 
8517 
9694 
7274 


1299 
1803 
8813 
2340 
2381 


8917 
1916 
1336 
7124 
9222 


7567 
2090 


X, Y, Z are in units of 107? au HeGs 


Y 
—1554 
—1548 
~1542 


11585 
—1528 


521 
=1513 
—1505 
—1496 
—1487 


—1478 
—1468 
—1458 
—1447 
—1436 


—1424 
~1412 
~1400 
~1387 
~1374 


—1361 
—1347 
1532 
—1318 
—1302 


SNA) 
Sl 27hi! 
S25) 
ZS 
1220 


=1203 
—1186 
—1168 
—1149 
=1d3il 


== Wi 
—1093 
—1073 
—1054 
—1034 


—1013 
F098 
ie 
oil 
="930 


— 908 
— 887 


4149 
7124 
5575 
9627 
9397 


4988 
6483 
3940 
7392 
6851 


2310 
3749 
1146 
4478 
3727 


8878 
9922 
6853 
9665 
8354 


2914 
3343 
9644 
1830 
9940 


4039 
4225 
0629 
3404 
2716 


8725 
1579 
1407 
8314 
2382 


3674 
2231 
8079 
1232 
1698 


9476 
4571 
6987 
6732 
3819 


8265 
0086 


8227 
3394 
6636 
8012 
7573 


5363 
1415 
5746 
8363 
9262 


8430 
5852 
1511 
5390 
7479 


7166 
6246 
Bos 
7167 
0801 


2014 
1405 
8980 
4749 
8737 


0981 
1536 
0470 
7860 
3786 


8321 
1532 
3470 
4179 
3686 


2011 
9164 
5148 
9961 
3599 


6056 
7328 
TAIS 
6317 
4038 


0584 
5962 


June 


July 
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POSITION AND VELOCITY OF THE EARTH, 2009 


ICRS, ORIGIN AT SOLAR SYSTEM BARYCENTRE 


FOR 0° BARYCENTRIC DYNAMICAL TIME 


870 
137 
755 
744 
207 


439 
750 
673 
863 
100 


251 
226 
Sa 
209 
855 


569 
278, 
619 
997 
552 


689 
796 
245 
412 
684 


468 
197 
342 
410 
956 


584 
959 
820 
987 
382 


032 
9511 
289 
781 
153 


212 
871 
165 
258 
432 


067 
625 


—0-766 
—0-775 
—0-783 
—0-792 
—0-800 


—0-807 
—0-815 
—0-823 
—0-830 
—0-837 


—0-843 
—0-850 
—0-856 
—0-862 
—0-867 


—0-873 
—0-878 
—0-883 
—0-888 
—0-892 


—0-896 
—0-900 
—0-904 
—0-907 
—0-911 


—0-914 
—0-916 
—0-919 
—0-921 
—0-923 


—0-924 
—0-926 
= 0-927, 
—0-927 
—0-928 


—0-928 
—0-928 
—0-928 
—0-928 
—0-927 


—0-926 
—0-925 
—0-923 
—0-921 
—0-919 


—0-917 
—0-914 


311 
221 
053 
232 
206 


459 
328 
006 
629 
Psyi 


935 
899 
573 
549 
560 


446 
129 
595 
869 
012 


108 
258 
582 
210 
288 


982 
474 
972 
711 
955 


999 
173 


846 . 


438 
433 


405 
057 
248 
034 
670 


610 
473 
006 
049 
501 


302 
419 


—0-332 
—0-336 
—0-339 
—0-343 
—0-346 


—0-350 
—0-353 
—0-356 
—0-359 
—0:362 


—0:365 
—0-368 
—0:371 
—0-373 
—0-376 


—0-378 
—0-380 
—0-383 
—0-385 
—0-387 


—0-388 
—0-390 
—0:392 
—0-393 
—0-395 


—0-396 
—0:397 
—0-398 
0509 
—0-400 


—0-400 
—0-401 
—0-401 
—0-402 
—0-402 


—0-402 
—0-402 
—0-402 
—0-402 
—0-402 


—0-401 
—0-401 
—0-400 
—0-399 
—0-398 


—0:397 
—0-396 


692 
591 
Se) 
045 


600 
041 
369 
583 
685 


674 
551 


301 
469 
278 
586 
260 


189 
290 
524 
912 
550 


623 
408 
267 
635 
004 


905 
898 
558 
475 
243 


3 457 


716 
621 
di2Z 
7713 


234 
771 
010 
589 
160 


389 
960 
580 
982 
935 


AP) 
841 
649 
747 
294 


534 
783 
404 
790 
352 


508 
678 


x 


piel, 
+1415 
+1430 
+1446 
+1461 


+1475 
+1489 
+1502 
aE ilSils 
+1528 


+1540 
qAilssy? 
+1563 
=P lo7S 
+1583 


+1593 
+1602 
+1611 
+1619 
+1627 


+1635 
+1642 
+1648 
+1654 
+1660 


+1665 
+1670 
+1674 
+1678 
+1682 


+1685 
+1687 
+1689 
+1691 
+1692 


+1692 
+1692 
+1692 
+1691 
+1689 


+1687 
+1684 
+1681 
+1678 
+1674 


+1669 
+1664 


2090 
2720 
9374 
1960 
0370 


4478 
4147 
9230 
9592 
Silie2 


5756 
1476 
2312 
8327 
9597 


6205 
8228 
5732 
8771 
7386 


1607 
1451 
6921 
8013 
4709 


6985 
4811 
8148 
6956 
1185 


0781 
5678 
5798 
1048 
1325 


6520 
6535 
1303 
0804 
5073 


4197 
8293 
7490 
1911 
1667 


6847 
7524 


X, Y, Z are in units of 10~? au / d. 


++ +4+4+4+4+ 4444 


819 


750 


630 


581 


507 
482 
456 
431 


406 
380 
355 
329 
303 


278 
ES 
226 
200 
174 


148 
121 


0086 
9302 
5932 
9999 
1530 


0564 
7164 
1422 
3467 
3463 


1599 
8067 
3047 
6695 
9134 


0459 
0740 
0029 
8363 
5770 


2271 
7883 
2619 
6494 
9524 


1727 
3125 
3744 
3612 
2758 


1218 
9025 
6225 
2873 
9045 


4850 
OST 
4037 
8349 
2302 


5714 
8435 
0358 
1406 
1533 


0704 
8897 


++ +4+4+44+ 44441 


106 
117 


B79 


5962 
0180 
3248 
5178 
5985 


5693 
4337 
1968 
8656 
4483 


9542 
3922 
77103 
0950 
3710 


6018 
7896 
9357 
0409 
1058 


1304 
1149 
0594 
9642 
8296 


6562 
4449 
1968 
9132 
5954 


2451 
8643 
4553 
0212 
5664 


0966 
3807 
8565 
3212 
7654 


1813 
5629 
9064 
2095 
4711 


6908 
8682 


B80 


Aug. 
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POSITION AND VELOCITY OF THE EARTH, 2009 


+0-159 
+0-175 
+0-192 
+0-208 
+0-225 


+0-241 
+0:-258 
+0-274 
+0-290 
+0-306 


+0-323 
+0-338 
+0:354 
+0-370 
+0-386 


+0-401 
+0-417 
+0-432 
+0-447 
+0-462 


+0-477 
+0-492 
+0-507 
+0-521 
+0-536 


+0-550 
+0:564 
+0-578 
+0-592 
+0-605 


+0-619 
+0-632 
+0-645 
+0-658 
+0-670 


+0-683 
+0-695 
+0-707 
+0-719 
+0-731 


+0-742 
+0-753 
+0-765 
+0-775 
+0-786 


+0-796 
+0-806 


ICRS, ORIGIN AT SOLAR SYSTEM BARYCENTRE 
FOR 0° BARYCENTRIC DYNAMICAL TIME 


302 
419 
841 
572 
634 


062 
906 
233 
124 
683 


032 
321 
731 
475 
805 


024 
490 
637 
997 
231 


162 
WoT 
341 
183 
864 


033 
406 
133 
Ta: 
307 


089 
895 
495 
668 
196 


865 
470 
813 
708 
981 


482 
086 
705 
298 
884 


561 
524 


—0-397 
—0-396 
—0-395 
—0-393 
—0-392 


—0-390 
—0-389 
—0:387 
—0-385 
—0-383 


—0-381 
—0-379 
—0-376 
—0-374 
—0:371 


—0-369 
—0-366 
—0-363 
—0-360 
—0:357 


—0-354 
= (03s 
—0-347 
—0:344 
—0-340 


—(05)3)7/ 
—0-333 
—0-329 
—0-325 
—0-321 


—0-317 
—0-313 
—0-309 
—0-304 
—0-300 


—0-295 
—0-290 
—0-286 
—0-281 


—0:276 § 


—0-271 


—0-266 § 
—0-261 2 


—0-256 
—0-250 
—0:245 
—0-240 


508 
678 
285 
T53 
507 


973 
583 
769 
Dy 
635 


219 
191 
035 
DZ 
364 


920 
500 
726 
213 
884 


382 
682 
789 
790 
832 
098 
(OL 
118 
280 
471 
881 
693 
087 
241 
334 


545 
054 
045 
708 
240 


5) ced 


766 
232 
523 
946 
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B84 REDUCTION OF CELESTIAL COORDINATES 


Reduction for polar motion 


The rotation of the Earth can be represented by a diurnal rotation about a reference axis 
whose motion with respect to a space-fixed system is given by the theories of precession and 
nutation plus very small (< 1 mas) corrections from observations. The pole of the reference 
axis is the celestial intermediate pole (CIP) and the system within which it moves is the 
GCRS (see page B25). The equator of date is orthogonal to the axis of the CIP. The axis 
of the CIP also moves with respect to the standard geodetic coordinate system, the ITRS 
(see below), which is fixed (in a specifically defined sense) with respect to the crust of the 
Earth. The motion of the CIP within the ITRS is known as polar motion; the path of the 
pole is quasi-circular with a maximum radius of about 10m (03) and principal periods of 
365 and 428 days. The longer period component is the Chandler wobble, which corresponds 
in rigid-body rotational dynamics to the motion of the axis of figure with respect to the axis 
of rotation. The annual component is driven by seasonal effects. Polar motion as a whole 
is affected by unpredictable geophysical forces and must be determined continuously from 
various kinds of observations. 


The origin of the International Terrestrial Reference System (ITRS) is the geocentre and 
the directions of its axes are defined implicitly by the adoption of a set of coordinates of 
stations (instruments) used to determine UT! and polar motion from observations. The ITRS 
is systematically within a few centimetres of WGS 84, the geodetic system provided by GPS. 
The orientation of the Terrestrial Intermediate Reference System (see page B26) with respect 
to the ITRS is given by successive rotations through the three small angles y, x, and —s’. The 
celestial reference system is then obtained by a rotation about the z-axis, either by Greenwich 
apparent sidereal time (GAST) if the celestial coordinates are with respect to the true equator 
and equinox of date; or by the Earth rotation angle (@) if the celestial coordinates are with 
respect to the Celestial Intermediate Reference System. 


The small angle s’, called the TIO locator, is a measure of the secular drift of the terrestrial 
intermediate origin (TIO), with respect to geodetic zero longitude, that is, the very slow 
systematic rotation of the Terrestrial Intermediate Reference System with respect to the ITRS 
(due to polar motion). The value of s’ (see below) is very tiny and may be set to zero unless 
very precise results are needed. 


The quantities x, y correspond to the coordinates of the CIP with respect to the ITRS, 
measured along the meridians at longitudes 0° and 270° (90° west). Current values of the 
coordinates, x, y, of the pole for use in the reduction of observations are published by the 
Central Bureau of the TIERS (see AsA-Online for web links). Previous values, from 1970 
January 1 onwards, are given on page K10 at 3-monthly intervals. For precise work the 
values at 5-day intervals from the IERS should be used. The coordinates x and y are usually 
measured in arcseconds. 


The longitude and latitude of a terrestrial observer, 4 and ¢, used in astronomical formulae 
(e.g., for hour angle or the determination of astronomical time), should be expressed in the 
Terrestrial Intermediate Reference System, that is, corrected for polar motion: 


d = Drak “ig (« sin Aries i y cos das) tan Pires 


~ = Dus i (x cos Doves mn sin ay 


where A,,,, and ¢,,,, are the ITRS (geodetic) longitude and latitude of the observer, and x 
and y are the ITRS coordinates of the CIP, in the same units as A and ¢. These formulae are 
approximate and should not be used for places at polar latitudes. 
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Reduction for polar motion (continued) 


The rigorous transformation of a vector p; with respect to the celestial system to the 
corresponding vector p, with respect to the ITRS is given by the formula: 
Pa = Ri(—y) Ro(—x) Ra(s’) R3(8) py 
and conversely, 


P3 = R3(—B) R3(—s’) Ro(x) Ri(y) py 
where the TIO locator 
s’ = —0°000 047 T 
and T is measured in Julian centuries of 365 25 days from 245 1545-0 TT. Some previous 


values of x and y are tabulated on page K10. Note, the standard rotation matrices R;, Ro, R3 
are given on page K19 and correspond to rotations about the x, y and z axes, respectively. 


The method to form the vector p; for celestial objects is given on page B68. However, the 
vectors given above could represent, for example, the coordinates of a point on the Earth’s 
surface or of a satellite in orbit around the Earth. The quantity 8 depends on whether the true 
equinox or the celestial intermediate origin (CIO) is used, viz: 


Equinox method CIO method 
where 6B = GAST, Greenwich ap- or 6 = 0, the Earth rotation angle, 
parent sidereal time, tabulated daily tabulated daily at 0" UT1 on pages 
at 0" UTI on pages B13-B20. B21-B24. ERA must be used when 
GAST must be used if pz is an Pp; is a CIO based position. 


equinox based position, 


Reduction for diurnal parallax and diurnal aberration 


The computation of diurnal parallax and aberration due to the displacement of the observer 
from the centre of the Earth requires a knowledge of the geocentric coordinates (p, geocentric 
distance in units of the Earth’s equatorial radius, and ¢’, geocentric latitude, see the explanation 
beginning on page K11) of the place of observation, and the local hour angle (h). 


For bodies whose equatorial horizontal parallax (77) normally amounts to only a few 
arcseconds the corrections for diurnal parallax in right ascension and declination (in the sense 
geocentric place minus topocentric place) are given by: 

Aa = (pcos ¢’ sinh sec 6) 
Aé = r(p sin dg’ cos 5 — pcos ¢’ cosh sin 8) 


and 
h = GAST—-—a, +A 


=0- Qj aie Xr 
where A is the longitude. GAST — a, is the hour angle calculated from the Greenwich apparent 
sidereal time and the equinox right ascension, whereas 9 — q; is the hour angle formed from 
the Earth rotation angle and the CIO right ascension. 2 may be calculated from 8794 divided 
by the geocentric distance of the body (in au). For the Moon (and other very close bodies) 
more precise formulae are required (see page D3). 
The corrections for diurnal aberration in right ascension and declination (in the sense 

apparent place minus mean place) are given by: 

Aa = 030213 p cos ¢’ cosh secd 

Ad = 0319 p cos¢’ sinh sind 
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Reduction for diurnal parallax and diurnal aberration (continued) 
For a body at transit the local hour angle (h) is zero and so Aé is zero, but 
Aa = +0°0213 p cos¢’ sec é 


where the plus and minus signs are used for the upper and lower transits, respectively; this 
may be regarded as a correction to the time of transit. 


Alternatively, the effects may be computed in rectangular coordinates using the following 
expressions for the geocentric coordinates and velocity components of the observer with respect 
to the celestial equatorial reference system: 

position: (a.pcos¢’cos B, a-pcos¢’ sin B, aep sind’) 

velocity: (—a.wp cos ¢’ sin B, aewp cos ¢’ cos B, 0) 
where £ is the local sidereal time (mean or apparent) or the Earth rotation angle (as appropriate), 
de is the equatorial radius of the Earth and w the angular velocity of the Earth. 


fB = Greenwich sidereal time or Earth rotation angle + east longitude 
aw = 0-464 km/s = 0-268 x 10~aw/d = c = 2-998 x 10° km/s = 173-14 au/d 
aw/c = 1-55 x 10° rad = 0/319 = 030213 
These geocentric position and velocity vectors of the observer are added to the barycentric 
position and velocity of the Earth’s centre, respectively, to obtain the corresponding barycentric 


vectors of the observer. Then, the procedures on pages B66—B75 may be followed using the 
barycentric position and velocity of the observer rather than E, and E,. 


Conversion to altitude and azimuth 


It is convenient to use the local hour angle (h) as an intermediary in the conversion from 
the right ascension (@, or @;) and declination (6) to the azimuth (A;) and altitude (a). 


In order to determine the local hour angle (see page B11) corresponding to the UT1 of the 
observation, first obtain either Greenwich apparent sidereal time (GAST), see pages B13—B20, 
or the Earth rotation angle (@) tabulated on pages B21—B24. This choice depends on whether 
the right ascension is with respect to the equinox or the CIO, respectively. The formulae are: 


Then h = GAST+A-@, =0+A-—4; 
cosasin A, = —cosésinh 

cosacosA,= _ sindcos¢@ —cosdcosh sing 

sna= sindsing+cosdcoshcos¢ 


where azimuth (A,) is measured from the north through east in the plane of the horizon, 
altitude (a) is measured perpendicular to the horizon, and A, ¢@ are the astronomical values 
(see page K13) of the east longitude and latitude of the place of observation. The plane of the 
horizon is defined to be perpendicular to the apparent direction of gravity. Zenith distance is 
given by z= 90° — a. 


For most purposes the values of the geodetic longitude and latitude may be used but in 
some cases the effects of local gravity anomalies and polar motion (see page B84) must be 
included. For full precision, the values of a, 5 must be corrected for diurnal parallax and 
diurnal aberration. The inverse formulae are: 


cos 6 sinh = —cosasin A, 
cosdcosh = sinacos¢@ —cosacos A, sing 


sind = sinasing +cosacos A, cos 
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Correction for refraction 


For most astronomical purposes the effect of refraction in the Earth’s atmosphere is to 
decrease the zenith distance (computed by the formulae of the previous section) by an amount 
R that depends on the zenith distance and on the meteorological conditions at the site. A 
simple expression for R for zenith distances less than 75° (altitudes greater than 15°) is: 


R = 0°004 52 P tan z/(273 + T) 
= 0°004 52 P/((273 + T) tana) 


where T is the temperature (°C) and P is the barometric pressure (millibars). This formula is 
usually accurate to about 0‘1 for altitudes above 15°, but the error increases rapidly at lower 
altitudes, especially in abnormal meteorological conditions. For observed apparent altitudes 
below 15° use the approximate formula: 


R = P(0-1594 + 0-0196a + 0-000 02a?)/[(273 + T)(1 + 0-505a + 0-0845a7)] 


where the altitude a is in degrees. 


DETERMINATION OF LATITUDE AND AZIMUTH 


Use of the Polaris Table 


The table on pages B88-B91 gives data for obtaining latitude from an observed altitude of 
Polaris (suitably corrected for instrumental errors and refraction) and the azimuth of this star 
(measured from north, positive to the east and negative to the west), for all hour angles and 
northern latitudes. The six tabulated quantities, each given to a precision of 0'1, are ao, a1, a2, 
referring to the correction to altitude, and bo, b;, b2, to the azimuth. 


latitude = corrected observed altitude + a) + a; + a 
azimuth = (bp + b; + b2)/ cos (latitude) 


The table is to be entered with the local apparent sidereal time of observation (LAST), and 
gives the values of ao, bo directly; interpolation, with maximum differences of 0‘7, can be 
done mentally. To the precision of these tables local mean sidereal time may be used instead 
of LAST. In the same vertical column, the values of a,, b; are found with the latitude, and 
those of a2, by with the date, as argument. Thus all six quantities can, if desired, be extracted 
together. The errors due to the adoption of a mean value of the local sidereal time for each 
of the subsidiary tables have been reduced to a minimum, and the total error is not likely to 
exceed 0'2. Interpolation between columns should not be attempted. 


The observed altitude must be corrected for refraction before being used to determine the 
astronomical latitude of the place of observation. Both the latitude and the azimuth so obtained 
are affected by local gravity anomalies if the altitude is measured with respect to a plane 
orthogonal to the local gravity vector, e.g., a liquid surface. 
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Latitude = Corrected observed altitude of Polaris + aj + a, + a> 
Azimuth of Polaris = (bo + b; + b> ) / cos (latitude) 
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Latitude = Corrected observed altitude of Polaris + ag + a, + az 
Azimuth of Polaris = (by + b, + bz ) / cos (latitude) 
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Latitude = Corrected observed altitude of Polaris + ay + a, + a 
Azimuth of Polaris = (by + b; + by )/ cos (latitude) 


+ 13-5 
14-0 
14-5 
15-0 
15-5 


+ 16-0 
16-5 
16-9 
17-4 
17-9 


+18-4 
18-9 
19-4 
19-8 
20-3 
+20-8 
212 
217 
22-1 
22-6 
+23.0 


by 


+ 34-4 
34-1 
33-8 
33-5 
33-2 


+32:8 
32-5 
32:2 
31-8 
31-5 


aponlol 
30-8 
30-4 
30-0 
29-7 


+29-3 
28-9 
28:5 
28-1 
27-7 
+27-3 


a 


+ 23-0 
23-5 
23-9 
24.4 
24-8 


+25:2 
25-7 
26-1 
26-5 
26-9 


+27-3 
27-7 
28-1 
28-5 
28-9 


+29:3 
29.7 
30-0 
30-4 
30-8 
+31-1 


by 


+3 
+33 


il 
a0) 
+-1 


+8 
+-4 
eid 


+-4 
4:2 
+-1 
a4 
=2 
ERz 


+ 18:3 
17:8 
17-3 
16-8 
16:3 


+ 15-8 
15-3 
14-8 
14.3 
13-8 


stalls 3 
12:8 
12.3 
11-8 
11-2 


+10-7 
10-2 
9-7 
9-1 
8-6 
+ 81 


a) 


a8 
=a 


ay 


25 
ay) 
a 


23 
=3 
=| 


0 
+2 
+3 
+4 
+3 
+3 


POLARIS TABLE, 2009 


+ 37-1 
37-4 
37-6 
37-8 
38-0 


+ 38:3 
38-5 
38-7 
38-9 
39-0 


+ 39-2 
39.4 
39-6 
39-7 
39-9 


+40-0 
40-2 
40-3 
40-4 
40-5 
+40-7 


by 


+2 
+2 


235] 
| 
‘0 


+2 
4.3 
4-4 


+4 
4:3 
ay) 

0 
= 
=4 


a 
5) 
o2%) 


tA 
—3 
=i) 


er 
+1 
+-2 
+3 
+4 
+3 


20" 


Se ewe Silo eer eros 


by 


2G) 
33 
3.8 
4.4 
4.9 


St. 


6-0 
6:5 
7-1 
7:6 


== tell 
8-7 
9.2 
9.7 
10-2 


— 10:8 
11-3 
11-8 
12-3 
12-9 

— 13-4 


ay 


ae) 
215} 


ay 


0 
=) 
= 


8.4) 
_.4 
a3 


9) 

0 
+2 
+3 
+-4 
+4 


215 


+41-4 
41-4 
41-4 
413 
41-2 


+41-2 
41-1 
41-0 
40-9 
40-9 


+40-8 
40-7 
40-5 
40-4 
40:3 


+40-2 
40-0 
39.9 
39-7 
39-5 
+ 39-4 


by 


by 


eas 
a 
=| 

0 
ae 
+3 


+3 
4:3 
4.3 
42 

0 
ao 


4.3 
4 
+4 


Latitude = Corrected observed altitude of Polaris + ag + a, + a2 
Azimuth of Polaris = (by) + b, + by )/ cos (latitude) 


B92 POLE STARS, 2009 


Pole Star formulae 


The formulae below provide a method for obtaining latitude from the observed altitude of 
one of the pole stars, Polaris or o Octantis, and an assumed east longitude of the observer A. 
In addition, the azimuth of a pole star may be calculated from an assumed east longitude A 
and the observed altitude a, or from A and an assumed latitude @. An error of 0°002 in a or 
0°1 in A will produce an error of about 0°002 in the calculated latitude. Likewise an error of 
0°03 in A, a or @ will produce an eiror of about 0°002 in the calculated azimuth for latitudes 
below 70°. 


Step 1. Calculate the hour angle HA and polar distance p, in degrees, from expressions of 
the form: 


HA =a, +a,;L+a.sinL +a3;cosL+ 15t 
p=a+a,L +a sinL +a3cos L 
where L = 0°985 65d 
d = day of year (from pages B4—B5) + 1/24 


and where the coefficients do, @,, a2, as are given in the table below, ¢ is the universal time in 
hours, d is the interval in days from 2009 January 0 at 0° UT1 to the time of observation, and 
the quantity L is in degrees. In the above formulae d is required to two decimals of a day, L 
to two decimals of a degree and ¢ to three decimals of an hour. 


Step 2. Calculate the local hour angle LHA from: 

LHA =HA+._ (add or subtract multiples of 360°) 
where A is the assumed longitude measured east from the Greenwich meridian. 
Form the quantities: S = p sin (LHA) C = p cos (LHA) 

Step 3. The latitude of the place of observation, in degrees, is given by: 
latitude = a — C + 0-0087 S* tana 


where a is the observed altitude of the pole star after correction for instrument error and 
atmospheric refraction. 


Step 4. The azimuth of the pole star, in degrees, is given by: 


azimuth of Polaris = —S/ cosa 
azimuth of o Octantis = 180° + $/cosa 


where azimuth is measured eastwards around the horizon from north. 
In Step 4, if a has not been observed, use the quantity: 
a =$+C —0-0087 S$’ tang 


where ¢ is an assumed latitude, taken to be positive in either hemisphere. 


POLE STAR COEFFICIENTS FOR 2009 


Polaris o Octantis 
GHA p GHA Pp 
ao 59-21 0-6947 140-55 1-0810 
ay 0-998 92 —0-0000 097 0-999 50 0-0000 128 
an 0-37 —(0-0024 0-18 0-0039 


a3 —0-25 —0-0048 0-23 —0-0037 
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NOTES AND FORMULAS 


Mean orbital elements of the Sun 


Mean elements of the orbit of the Sun, referred to the mean equinox and ecliptic of date, 
are given by the following expressions. The time argument d is the interval in days from 2009 
January 0, 0" TT. These expressions are intended for use only during the year of this volume. 


d=JD — 245 4831.5 = day of year (from B4—BS5) + fraction of day from Or Te 


Geometric mean longitude: 279°796 494 + 0.985 647 36 d 

Mean longitude of perigee: 283°092 061 + 0.000 047 08 d 

Mean anomaly: 356°704 434 + 0.985 600 28 d 

Eccentricity: 0.016 704 85 — 0.000 000 0012 d 

Mean obliquity of the ecliptic: | 23°438 109 — 0.000 000 36 d (w.r.t. mean equator of date) 


The position of the ecliptic of date with respect to the ecliptic of the standard epoch is given 
by formulas on page B53. Osculating elements of the Earth/Moon barycenter are on page ES. 


@2 SUN, 2009 
NOTES AND FORMULAS 


Lengths of principal years 


The lengths of the principal years at 2009.0 as derived from the Sun’s mean motion are: 


d dhm s 
tropical year (equinox to equinox) 365.242 190 36505 48 45.2 
sidereal year (fixed star to fixed star) 365.256 363 365 06 09 09.8 
anomalistic year (perigee to perigee) 365.259 636 365 06 13 52.6 
eclipse year (node to node) 346.620 079 346 14 52 54.8 


Apparent ecliptic coordinates of the Sun 


The apparent ecliptic longitude may be computed from the geometric ecliptic longitude 
tabulated on pages C6—C20 using: 


apparent longitude = tabulated longitude + nutation in longitude (Aw) — 20496/R 


where Ay is tabulated on pages B58—B65 and R is the true geocentric distance tabulated on 
pages C6—C20. The apparent ecliptic latitude is equal to the geometric ecliptic latitude found 
on pages C6—C20 to the precision of tabulation. 


Time of transit of the Sun 


The quantity tabulated as “Ephemeris Transit” on pages C7—C21 is the TT of transit of the 
Sun over the ephemeris meridian, which is at the longitude 1.002 738 AT east of the prime 
(Greenwich) meridian; in this expression AT is the difference TT — UT. The TT of transit of 
the Sun over a local meridian is obtained by interpolation where the first differences are about 
24 hours. The interpolation factor p is given by: 


p = —d + 1.002 738 AT 


where \ is the east longitude and the right-hand side of the equation is expressed in days. 
(Divide longitude in degrees by 360 and AT in seconds by 86 400). During 2009 it is expected 
that AT will be about 66 seconds, so that the second term is about +0.000 77 days. 

The UT of transit is obtained by subtracting AT from the TT of transit obtained by inter- 
polation. 


Equation of time 


Apparent solar time is a measure of time based on the diurnal motion of the true Sun. The 
rate of diurnal motion of the Sun undergoes seasonal variation caused by the obliquity of the 
ecliptic and by the eccentricity of the Earth’s orbit. Additional small variations result from 
irregularities in the rotation of the Earth on its axis. Mean solar time is a measure of time 
based conceptually on the diurnal motion of a fiducial point, called the fictitious mean Sun, 
with uniform motion along the celestial equator. The difference is known as the equation of 
time. The equation of time is defined so that: 


Equation of Time = apparent solar time — mean solar time 
To obtain the equation of time to a precision of about | second it is sufficient to use: 


equation of time at 12" UT = 12" — tabulated value of ephemeris transit found on C7-C21. 


SUN, 2009 €3 
NOTES AND FORMULAS 


Equation of time (continued) 


Alternatively, equation of time may be calculated for any instant during 2009 in seconds of 
time to a precision of about 3 seconds directly from the expression: 


equation of time = —108.5 sin L + 596.0 sin 2L + 4.5 sin 3L — 12.7 sin 4L 
— 428.2 cos L— 2.1 cos 2L + 19.3 cos 3L 


where L is the mean longitude of the Sun, corrected for aberration, given by: 
L=279°791 + 0.985 647 d 

and where d is the interval in days from 2009 January 0 at 0° UT, given by: 
d = day of year (from B4-B5) + fraction of day from 0” UT. 


ICRS Geocentric rectangular coordinates of the Sun 


The ICRS geocentric equatorial rectangular coordinates of the Sun are given, in AU, on 
pages C22—C25 and are referred to the ICRS axes. The direction of these axes are determined 
by the IERS, which observes several hundred extragalactic radio sources for this purpose. 
See pages B66—B71 for a rigorous method of forming an apparent place of an object in the 
solar system. 


Elements of the rotation of the Sun 
The mean elements of the rotation of the Sun during 2009 are given by: 


Longitude of the ascending node of the solar equator: 
on the ecliptic of date = 75°89 
on the mean equator of date = 16°14 
Inclination of the solar equator: 
on the ecliptic of date = 7°25 
on the mean equator of date = 26°11 
Right ascension of the pole of the solar equator = 286°14 
Declination of the pole of the solar equator = 63°89 
Sidereal period of rotation of the prime meridian = 25.38 days. 
Mean synodic period of rotation of the prime meridian = 27.2753 days. 


These data are derived from elements originally given by R. C. Carrington (Observations 
of the Spots on the Sun, p. 244, 1863). They have been updated using values from Seidelmann 
et al. (Explanatory Supplement to the Astronomical Almanac), p. 397 1992. 


Heliographic coordinates 


The quantities on the right-hand pages of C7—C21, except for Ephemeris Transit, are tab- 
ulated for 0° TT. However, except for Lo, the values are essentially the same for 0° UT, to 
the accuracy given. The value of Lo at 0" UT may be approximately obtained from the value 
tabulated at 0 TT by subtracting 0.01 degree. 


C4 SUN, 2009 
NOTES AND FORMULAS 


Heliographic coordinates (continued) 


If pi, 6 are the observed angular distance and position angle of a sunspot from the center 
of the disk of the Sun as seen from the Earth, and p is the heliocentric angular distance of the 
spot on the solar surface from the center of the Sun’s disk, then 


sin(p + pi) = pi/S 
where S is the semidiameter of the Sun. The position angle is measured from the north point 
of the disk towards the east. 


The formulas for the computation of the heliographic coordinates (L, B) of a sunspot (or 
other feature on the surface of the Sun) from (p, @) are as follows: 


sin B = sin Bo cos p + cos Bo sin pcos(P — 6) 
cos B sin(L — Lo) = sin psin(P — @) 
cos B cos(I — Lo) = cos pcos Bo — sin Bo sin p cos(P — 6) 


where B is measured positive to the north of the solar equator and L is measured from 0° to 
360° in the direction of rotation of the Sun, i.e., westwards on the apparent disk as seen from 
the Earth. Daily values for Bo and Lo are tabulated on pages C7—C21. 


SYNODIC ROTATION NUMBERS, 2009 


Number Date of Number Date of 
Commencement Commencement 
rae en ss | 

2078 2008s Dec — 7, 6 2086 2009 July 23.80 
2079 2009 Jan. 13.94 2087 Aug. 20.02 
2080 Feb. 10.28 2088 Sept 16.28 
2081 Mar. 9.62 2089 OctiAy 1356 
2082 Apr. 5.92 2090 Nov. 9.86 
2083 May 3.18 2091 2009 __— Dec. FS 
2084 May 30.40 2092 2010 = Jan. 3.50 
2085 June 26.59 


At the date of commencement of each synodic rotation period the value of Lo is zero; that 
is, the prime meridian passes through the central point of the disk. 
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NOTES AND FORMULAS 


Low precision formulas for the Sun 


The following formulas give the apparent coordinates of the Sun to a precision of 0°01 
and the equation of time to a precision of 01 between 1950 and 2050; on this page the time 
argument n is the number of days from J2000.0. 


n = JD — 2451545.0 = 3286.5 + day of year (from B4-B5) + fraction of day from 0° UT 
Mean longitude of Sun, corrected for aberration: L = 280°460 + 0°985 6474 n 
Mean anomaly: g = 357°528 + 0°985 6003 n 


Put L and g in the range 0° to 360° by adding multiples of 360°. 


Ecliptic longitude: X = L + 1°915 sin g + 0°020 sin 2g 

Ecliptic latitude: 6 = 0° 

Obliquity of ecliptic: « = 23°439 — 0°000 0004 n 

Right ascension: a = tan ‘(cos € tan \); (a in same quadrant as \) 


Alternatively, right ascension, a, may be calculated directly from: 


Right ascension: a = \ — ftsin 2 + (f/2)t? sin 4A 
where f =180/m7 and t= tan? («/2) 
Declination: 5 = sin~ ‘(sin € sin X) 


Distance of Sun from Earth, R, in AU: 
R = 1.000 14 — 0.016 71 cos g — 0.000 14 cos 2g 
Equatorial rectangular coordinates of the Sun, in AU: 


7 = Roos 
y = Roos € sin A 
z= Rsinesin A 


Equation of time, in minutes: 
E =(L—a), in degrees, multiplied by 4. 
Other useful quantities: 


Horizontal parallax: 0°0024 
Semidiameter: 0°2666/R 
Light-time: 040058 
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a aie 


Date 


Jan. 


Feb. 


Oo WAIDN FWNr CO 


FOR 0! TERRESTRIAL TIME 
Geometric Ecliptic Coords. Tene 
nee Mean Equinox & Ecliptic of Date cs shied Geceentric 
; en ination A 
cass Longitude Latitude <i Distance 
245 Oo Fe yt ee SR i 
4831.5 279 40 54.39 —0.30 18 42 07.59 23, OS 1125 0.983 3242 
4832.5 280 42 04.77 —0.18 18 46 32.73 —23 00 30.8 0.983 3051 
4833.5 281 43 15.03 —0.07 18 50 57.54 —22 5) 229 0.983 2902 
4834.5 282 44 25.10 +0.03 18 55 21.98 —22 49 46.8 0.983 2798 
4835.5 283 45 34.92 +0.10 18 59 46.02 —22 43 43.9 0.983 2741 
4836.5 284 46 44.41 +0.15 19 04 09.65 —22 37 14.0 0.983 2734 
4837.5 285 47 53.54 OUT, 19 08 32.82 —22 30 17.2 0.983 2779 
4838.5 286 49 02.26 OS LOS T2E S35 i —22 22 53.9 0.983 2880 
4839.5 287 50 10.58 +0.10 IIE STAD —22 15 04.1 0.983 3040 
4840.5 288 51 18.48 +0.02 19 21 39.36 —22 06 48.3 0.983 3263 
4841.5 Piss) By), Ps) KY) —0.09 19 26 00.47 —21 58 06.6 0.983 3550 
4842.5 290 53 33.15 —0.22 19 30 21.01 —21 48 59.2 0.983 3904 
4843.5 291 54 40.01 —0.37 19 34 40.96 —21 39 26.4 0.983 4324 
4844.5 292 55 46.61 —0.52 19 39 00.31 —21 29 28.5 0.983 4811 
4845.5 293 56 53.00 —0.66 19 43 19.02 —2I 19) 05.7 0.983 5363 
4846.5 294 57 59.18 —0.79 19 47 37.10 —21 08 18.1 0.983 5976 
4847.5 295 59 05.18 —0.90 19. 51° 54.53 —20 57 06.3 0.983 6649 
4848.5 297 00 10.96 —0.98 19 56 11.29 —20 45 30.3 0.983 7377 
4849.5 298 01 16.52 — 1.03 20 00 27.37 —20 33 30.5 0.983 8158 
4850.5 299) 02P2158 1 —1.05 20 04 42.75 —20 21 07.4 0.983 8988 
4851.5 300 03 26.78 —1.05 20 08 57.41 —20 08 21.1 0.983 9866 
4852.5 301 04 31.37 —1.01 20 13711235 --19 55 12.0 0.984 0787 
4853.5 302,05) 35'52 —0.95 20 17 24.55 —19 41 40.6 0.984 1751 
4854.5 303 06 39.17 —0.86 20 21 37.00 —19 27 47.1 0.984 2755 
4855.5 304 07 42.24 —0.76 20 25 48.67 — 19513 732:0 0.984 3797 
4856.5 305 08 44.65 —0.64 20 29 59.56 —18 58 55.7 0.984 4876 
4857.5 306 09 46.33 —0.51 20 34 09.66 —18 43 58.5 0.984 5990 
4858.5 307 10 47.18 =0.37 20 38 18.96 —18 28 40.8 0.984 7138 
4859.5 308 11 47.13 —0.24 20 42 27.44 —18 13 03.0 0.984 8321 
4860.5 309 12 46.08 —0.12 20 46 35.10 17.57. 05.6 0.984 9538 
4861.5 310 13 43.95 —0.01 20 SO 41.94 —17 40 48.9 0.985 0789 
4862.5 311 14 40.66 +0.08 20 54 47.95 —17 24 13.3 0.985 2076 
4863.5 B12) 15 530a13 +0.14 20 58 S3Hi2 —17 07 19.4 0.985 3400 
4864.5 313 16 30.28 OWT 21 02 57.46 —16 50 07.4 0.985 4762 
4865.5 314 17 23.07 +0.16 21 07 00.97 NO 3257.8 0.985 6165 
4866.5 315 18 14.44 +0.13 Zila LO 365 —16 14 51.1 0.985 7612 
4867.5 316 19 04.36 +0.06 2 T0550 =15 56 47.6 0.985 9106 
4868.5 S79 252282 —0.03 21D 06.53 | |Syestomayiis: 0.986 0648 
4869.5 318 20 39.82 —0.15 21 23 06.74 —15° 19 52:0 0.986 2244 
4870.5 319 21 25.40 —0.29 ZT eo SS —15 01 00.8 0.986 3893 
4871.5 520522709159 —0.43 21 31 04.73 —14 41 54.4 0.986 5598 
4872.5 321 22 52.44 —0.58 Zit 35) 02.53 = 14) 220393 0.986 7359 
4873.5 322 23 34.01 —0:71 21 38 59.56 —14 02 57.8 0.986 9176 
4874.5 323 24 14.33 —0.82 21 42 55.82 —13 43 08.4 0.987 1046 
4875.5 324 24 53.44 —0.91 21 46 51.34 3923) 052 0.987 2968 
4876.5 B25025 S137 —0.97 50 46.12 —13 02 48.9 0.987 4937 
4877.5 326 26 08.10 —1.00 54 40.18 —12 42 19.7 0.987 6952 


SUN, 2009 
FOR 05 TERRESTRIAL TIME 


Pos. Angle Heliographic 
Date of Axis Horiz. Semi- Ephemeris 


Latitude | Longitude Parallax} Diameter | Transit 


P 
oO 

Jan. 0 + 2.47 
1 ae 1S) 
2 stale), 
3) te? 
+ + 0:53 
5 + 0.05 
6 — 0.44 
7 = 0192 
8 1.40 
s) = 1188 
10 SS 3h) 
11 — 2.84 
12 = 6, 3ill 
13 = chif) 
14 — 4.26 
15 — 4.73 
16 — 520 
17 —| 5166 
18 = Gil 
19 = 658 
20 — 7.04 
21 = 7:49 
22 — 7.94 
23 = 18:38 
24 = sss 
25 = SP 
26 =7 970 
Pall — ONS 
28 — 10.56 
29 — 10.98 
30 — 11.40 
31 — 11:81 
lates — NOD 
2 — |12:63 
3 = 13:08 
o — 13.42 
5 — 13:81 
6 — 14.20 
7 — 14.58 
8 — 14.96 
9 = 115338 
10 — 15.69 
11 — 16.05 
1) — 16.41 
13 — 16.75 
14 — 17.10 
15 — 17.44 
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FOR 05 TERRESTRIAL TIME 


: A Geometric Ecliptic Coords. True 
wie Julian Mean Equinox & Ecliptic of Date Apparent Wace Gencentie 
Dele Longitude Latitude Rug. Desbnation Distance 

245 Oo fn th " h ms S f Mh 

Feb. §15°| 748775 326 26 08.10 —1.00 21 54 40.18 —12 42 19.7 

16 | 4878.5 327 26 43.65 —1.00 21 58 33.54 —12 21 38.1 

17 | 4879.5 328 27 17.98 —0.97 22 02 26.20 —12 00 44.5 

18 | 4880.5 329 27 51.08 —0.91 22 06 18.19 —11 39 39.3 

19} 4881.5 330 28 22.90 —0.83 22 10 09.50 —11 18 23.0 
20 | 4882.5 331 28 53.41 —0.72 22 14 00.15 —10 56 55.9 0.988 7587 
21 4883.5 332 29 22.56 —0.60 DOA] WONG —10 35 18.5 0.988 9806 
22) 4884.5 333 29 50.29 —0.47 22 21 39.54 —10 13 31.2 0.989 2049 
23 | 4885.5 334 30 16.54 —0.34 22 25 28.30 — 9 51 34.5 0.989 4314 
24} 4886.5 335 30 41.25 —0.21 22 29 16.44 — 9 29 28.7 0.989 6598 
25 | 4887.5 336 31 04.35 —0.08 223303899 — 9 07 143 0.989 8901 
26 | 4888.5 337 3 QT +0.04 22 36 50.96 — 8 44 51.8 0.990 1221 
27 | 4889.5 338 31 45.41 +0.13 22 40 37.37 = 1892292145 0.990 3557 
28} 4890.5 839 320201 +0.20 22 44 23.22 — 7 59 43.9 0.990 5909 
Mar. 1 4891.5 340 32 19.09 +0.24 22 48 08.53 — 7 36 59.3 0.990 8277 
2] 4892.5 341 32 32.97 025 DOES 453433 — 7 14 08.3 0.991 0663 
3| 4893.5 342 32 44.80 +0.23 BD ASS 731263 — 6 S51 11.2 0.991 3068 
4} 4894.5 343 32 54.53 +0.17 22 59 21.43 — 6 28 08.4 0.991 5494 
5 | 4895.5 344 33 02.11 +0.09 23 03 04.77 — 6 05 00.3 0.991 7944 
6] 4896.5 345 33 07.54 —0.02 23 06 47.66 — 5 41 47.4 0.992 0420 
7| 4897.5 346 33 10.81 —0.14 23 10 30.11 — 5 18 30.0 0.992 2925 
8 | 4898.5 347 33 11.95 —0.28 23 14 12.14 - 4 55 08.5 0.992 5461 
9} 4899.5 348 33 10.99 —0.41 DBA] S319 — 4 31 43.3 0.992 8030 
10} 4900.5 349 33 07.97 —0.54 23 21 35.06 — 4 08 14.6 0.993 0634 
11 4901.5 350 33 02.96 —0.66 23 25 15.99 — 3 44 42.9 0.993 3273 
12] 4902.5 351 32 56.03 —0.75 23 28 56.60 — 3 21 08.5 0.993 5945 
13 | 4903.5 352 32 47.21 —0.82 23 “32 36:92 92054-43157 0.993 8650 
14] 4904.5 353 32 36.57 —0.85 23 36 16.97 — 2 33 52.9 0.994 1385 
15 | 4905.5 354 32 24.14 —0.86 2B 89 SOc — 2 10 12.3 0.994 4147 
16} 4906.5 355 32 09.96 —0.84 23 43 36.36 — 1 46 30.5 0.994 6934 
17 | 4907.5 356 31 54.03 —0.79 23° AT SYS — 1 22 47.6 0.994 9743 
18 | 4908.5 B5ik Gl 86387 —0.72 23 50 54.96 — 0 59 04.2 0.995 2570 
19} 4909.5 358 31 16.97 —0.62 23 54 34.01 — 0 35 20:5 0.995 5412 
20 | 4910.5 359 30 55.84 —0.51 23°58 12192 — 0 11 36.9 0.995 8266 
2) 4911.5 0 30 32.95 —0,39 OF0l S172 + 0 12 06.1 0.996 1128 
22} 4912.5 1 30 08.28 —0.26 0 05 30.41 + 0 35 48.2 0.996 3996 
23 | 4913.5 2 29 41.82 —0.13 0 09 09.02 +0559 2911 0.996 6866 
24} 4914.5 6. 2971851 —0.01 OF 12 AT S7 +2 51 23"08:3 0.996 9737 
25 | 4915.5 4 28 43.32 +0.11 0 16 26.08 + 1 46 45.5 0.997 2604 
26} 4916.5 5 28 11.19 +0.20 0 20 04.56 + DeliO 20:2 0.997 5466 
27| 4917.5 6.27 S707 +0.27 0 23 43.03 eS Be 0.997 8320 
28 | 4918.5 7 27 00.88 +0.31 0°27 215i tO DO) 0.998 1166 
29} 4919.5 8 26 22.57 +0.33 0 31 00.02 + 3 20 46.3 0.998 4004 
30 | 4920.5 9 25 42.05 +0.31 0 34 38.57 + 3 44 07.7 0.998 6832 
31 4921.5 10 24 59,28 +0.26 0 38 17.18 + 4 07 24.8 0.998 9652 
Apres i 4922.5 11 24 14.21 +0.18 0 41 55.87 Ay S0 B72 0.999 2466 
2'| -'4923.5 12 23 26.79 +0.07 0 45 34.64 + 4 53 44.6 0.999 5276 
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FOR 05 TERRESTRIAL TIME 

Pos. Angle Heliographic ti ae 

Date of Axi ; : One eis 
P : ee Longitude | parallax Diameter 

0 0 

° fo} {e) 1 / id! 
Rebs) 15 — 17.44 — 6.84 297.88 8.90 16 11.60 
16 = ee — 6.88 284.72 8.90 16 11.40 
17 — 18.10 = 602 ZEUS) 8.90 16 11.19 
18 — 18.42 195 258.38 8.90 16 10.98 
19 =18:73 10.99 245.21 8.90 16 10.77 
20 — 19.04 Sae02 232.04 8.89 16 10.56 
21 — 19.34 = 10S 218.87 8.89 16 10.34 
22; — 19.64 = 1/40%s) 205.70 8.89 16 10.12 
23 = Ws =e ifallil 192,53 8.89 16 09.90 
24 = 20.22 = 7.13 179.36 8.89 16 09.67 
25 —=20550 Solis 166.19 8.88 16 09.45 
26 = AUST = 71a 153.02 8.88 165 09:22 
27 — 21.04 = 7:19 139.85 8.88 16 08.99 
28 = 21/30 SPA 126.68 8.88 16 08.76 
Mar. 1 — PASS ee Iles 8.88 16 08.53 
2) = PAN 650) — 7.23 100.33 8.87 16 08.30 
3 — 22.04 — 7.24 87.16 8.87 16 08.06 
4 — 22.28 UPS 73.99 8.87 16 07.82 
5 = 22:51 = 25 60.81 8.87 16 07.58 
6 2218 = 725 47.64 8.86 16 07.34 
7 = 22,95 ag ecs) 34.46 8.86 16 07.10 
8 = PERG) = 7225 21e29) 8.86 16 06.85 
9 — 23.36 = 7.24 8.11 8.86 16 06.60 
10 — 23.56 — 7.24 354.93 8.86 16 06.35 
11 = 2395 te) 341.76 8.85 16 06.09 
12 = 23193 — 7.22 328.58 8.85 16 05.83 
13 — 24.11 — 7.20 315.40 8.85 16 05.57 
14 — 24.28 =719 302.22 8.85 16 05.30 
15 — 24.44 — 7317 289.04 8.84 16 05.03 
16 — 24.60 ells) 275.86 8.84 16 04.76 
17 — 24.75 — 7.13 262.68 8.84 16 04.49 
18 — 24.89 — 7.10 249.49 8.84 16 04.22 
19 = 25103 — 7.08 236.31 8.83 16 03.94 
20 — 25.16 — 7.05 PIPIEYANS) 8.83 16 03.67 
pM — 25.28 = 7202 209.95 8.83 16 03.39 
22 — 25,39 — 6.98 196.76 8.83 16 03.11 
23 — 25.50 = 6195 183.58 8.82 16 02.84 
24 — 25.60 = 6.91 170.39 8.82 16 02.56 
2S — 25.70 — 6.87 157.20 8.82 16 02.28 
26 = 25.79 — 6.83 144.02 8.82 16 02.01 
Pe] — 25.87 — 6.79 130.83 8.81 16 01.73 
28 — 25.94 — 6.74 117.64 8.81 16 01.46 
29 — 26.01 — 6.69 104.45 8.81 16 01.18 
30 = 2607 — 6.65 91.26 8.81 16 00.91 
31 — 26.12 = 6.59 78.07 8.80 16 00.64 
Apr. 1 — 26.16 — 6.54 64.88 8.80 16 00.37 
2 — 26.20 — 6.49 51.69 8.80 16 00.10 


Ephemeris 
Transit 


02.89 


53.73 
48.15 


41.91 
35.04 
27.54 
19.44 
10.73 


01.43 
51.57 
41.14 
30.17 
18.67 


06.66 
54.15 
41.16 
27.70 
13.80 


59.48 
44.76 
29.67 
14.22 
58.44 


42.35 
25199 
09.36 
S21 
35.44 


18.18 
00.75 
43.18 
25.47 
07.66 


49.76 
31.79 
13.78 
S52 
37.65 


19.58 
01.53 
43.51 
25.54 
07.63 


49.80 
32.07 


C10 SUN, 2009 
FOR 05 TERRESTRIAL TIME 


25 
; Geometric Ecliptic Coords. True 
Dae Julian | Mean piel! Ecliptic of Date _| ge ae Gosenuie 
i Longitude L Latitude ese Deseoanen Distance 

245, @ i " " bem 1s ° 

Apt. 1 4922.5 11 24 14.21 +0.18 0 41 55.87 + 4 

2 4923.5 125238 2697/9 +0.07 0 45 34.64 +4 

3 4924.5 1ST 22537001 —6.05 0 49 13.53 an 

4 4925.5 14 21 44.88 —0.18 0°52 52.53 + 5 

5 4926.5 15 20 50.40 —0.31 0 56 31.67 am () 
6 4927.5 16 19 53.62 —0.44 1 00 10.98 +HOL29) Li7ed 1.000 6524 
7 | 4928.5 17 18 54.58 —0.56 1 03 50.47 + 6 47 54.2 1.000 9350 
8 4929.5 8) 17 753835 —0.65 1 07 30.17 +] 0) 2A3 1.001 2184 
9} 4930.5 19 16 49.99 —0:72 Lat 10/09 + 7324741 1.001 5028 
10 4931.5 20 15 44.58 ES Oe 7 1 14 50.26 +9. 102-2 1.001 7879 
J 4932.5 21 14 37.17 =0.79 Lt 30.71 +S alii, 095 1.002 0738 
12 4933.5 223 2128) =0.:77 1 22 11.46 + 8 39 08.4 1.002 3603 
13 4934.5 23 12 16.65 07/3) i 25 32.51 + 9 00 58.9 1.002 6471 
14 4935.5 24 11 03.64 —0.67 1 29 33.90 + 9 22 40.4 1.002 9341 
15 4936.5 25 09 48.86 —0.58 1 33 15.64 + 9 44 12.6 1.003 2209 
16 4937.5 26 08 32.34 —0.48 1 36 57.74 +10 05 35.3 1.003 5072 
17 4938.5 27 07 14.10 —0.36 1 40 40.22 +10 26 48.1 1.003 7928 
18 4939.5 28 05 54.17 —0.24 1 44 23.10 +10 47 50.7 1.004 0773 
19 4940.5 29 04 32.55 —0.11 1 48 06.39 +11 08 42.6 1.004 3604 
20 4941.5 30 03 09.26 0.00 1 51 50.10 + 11929'°23:6 1.004 6418 
21 4942.5 31 O1 44.30 +0.11 1 55 34.25 +11 49 53.3 1.004 9212 
22 4943.5 32 00 17.64 +0.20 S59 18:85 +12 10 11.4 1.005 1982 
23 4944.5 32 58 49.27 +0.28 2 03 03.90 + 12) 30 175 1.005 4726 
24 4945.5 63 S7 195 +0.32 2 06 49.43 + 12N50 12 1.005 7441 
25 4946.5 34 55 47.24 +0.33 2 10 35.44 +13):09 523 1.006 0124 
26 4947.5 35 54 13.48 +0.32 2 14 21.94 +13 29 20.4 1.006 2774 
27 4948.5 36 52 37.81 +0.27 2 18 08.93 +13 48 35.0 1.006 5390 
28 | 4949.5 37 51 00.18 +0.19 2 21 56.42 +14 07 36.0 1.006 7972 
29 4950.5 38 49 20.53 +0.09 2 25 44.41 +14 26 23.0 1.007 0522 
30 4951.5 39 47 38.83 —0.03 2 29 32.90 +14 44 55.6 1.007 3041 
May 1 4952.5 40 45 55.06 —0.16 27335) 21290 + 157103 13:4 1.007 5531 
2 4953.5 41 44 09.21 =0129 2 37 11.42 SUSE 62 1.007 7996 
3 4954.5 42 42 21.30 —0.41 2 41 01.45 + 15139 (037 1.008 0438 
4 4955.5 43 40 31.36 =0'53 2 44 52.01 +15) 56355, 1.008 2859 
5 4956.5 44 38 39.44 —0.62 2 48 43.10 +16) 3 131.3 1.008 5262 
6 4957.5 45 36 45.61 —0.70 2°52 34.73 +16 30 50.9 1.008 7649 
7 4958.5 46 34 49.92 —0.74 2 56 26.92 +16 47 34.0 1.009 0021 
8 4959.5 47 32 52.46 —0.76 3 00 19.67 +17 04 00.4 1.009 2378 
g) 4960.5 48 30 53.30 —0.75 3 04 12.98 + 175200956 1.009 4721 
10 4961.5 49 28 52.52 —0.71 3 08 06.87 +17 36 01.6 1.009 7048 
11 4962.5 50 26 50.20 —0.64 312 0133 + LZ Pole 35:9 1.009 9360 
12 4963.5 51 24 46.40 —0.56 3 15 56.38 +18 06 52.3 1.010 1654 
13 4964.5 52 22 41.19 —0.45 819) 52:00 +1821 505 1.010 3928 
14 4965.5 53 20 34.63 —0.34 3 23 48.21 +18 36 30.2 1.010 6181 
115) 4966.5 54 18 26.78 —0.21 3 27 45.00 + 1850) S12 1.010 8410 
16 4967.5 55 16 17.68 —0.09 Bel 4237, +19 04 53.1 1.011 0612 
17 4968.5 56 14 07.37 +0.03 3 35 40.32 + LOPS 98537 1.011 2785 


SUN, 2009 


Gl} 


FOR 05 TERRESTRIAL TIME 
es 

Pos. Angle Heliographic re Gay ah 
Date Orne 5 ; oriz. emi- phemeris 

Latitude | Longitude Parallax | Diameter Transit 

IP bs 

° ° / 1 h m Ss 
Apr. 1 — 26.16 — 6.54 64.88 8.80 16 00.37 12 03 49.80 
2 — 26.20 — 6.49 51.69 8.80 16 00.10 12 03 32.07 
3) — 26.23 — 6.43 38.49 8.80 15 59.83 12 03 14.45 
4 — 26.25 — 6.37 25.30 8.79 15 59.56 12 02 56.97 
5 — 26.27 — 6.31 12.10 8.79 15 59.29 12 02 39.65 
6 — 26.28 — 6.25 358.91 8.79 15 59.02 1270252250 
7 — 26.28 — 6.18 345.71 8.79 15y 58.75 1202, (0554 
8 — 26.28 — 6.12 38251 8.78 15 58.48 12 O1 48.81 
9 — 26.26 — 6.05 319.31 8.78 15958320 12 Oi 32:31 
10 — 26.24 — 5.98 306.11 8.78 15 57.93 12 O01 16.07 
iu — 26.21 — 5.91 292.91 8.78 15 57.66 12 01 00.11 
ie — 26.18 — 5.84 279.71 8.77 IS 57.39 12 00 44.46 
13 — 26.14 — 5.76 266.51 8.77 IS Byfalt 12.00) 29013 
14 — 26.09 — 5.69 29331 8.77 15 56.84 IDZROOMI4AM3 
15 — 26.03 — 5.61 240.10 8.77 556.56 11 59 59.49 
16 — 25.97 — 5.53 226.90 8.76 15 56.29 11 59) 45.22 
17 — 25.90 — 5.45 213.69 8.76 15 56.02 1 69531835 
18 — 25.82 — 5.37 200.49 8.76 ls) SISe7/5) 11 59 17.88 
19 — 25.73 — 5.28 187.28 8.76 15 55.48 11 59 04.82 
20 — 25.64 — 5.20 174.07 8.75 iss S81771! 158352220 
21 — 25.54 — 5.11 160.87 8.75 15 54.95 11 58 40.02 
22 — 25.43 — 5.02 147.66 8.75 15 54.68 11 58 28.30 
23 — 25.31 — 4.93 134.45 8.75 15 54.42 11 58 17.05 
24 — 25.19 — 4.84 121.24 8.74 15 54.16 1 58:06:27 
DS — 25.06 — 4.75 108.03 8.74 LS 93291 LUST S597, 
26 — 24.92 — 4.65 94.81 8.74 15 53.66 UL esy7/ KGS) 
27 — 24.77 — 4.56 81.60 8.74 ilsy Bishi 11 57 36.83 
28 — 24.62 — 4.46 68.39 8.73 15 S37. 11 57 28.01 
29 — 24.46 — 4.36 apylly 8.73 US) 52:92 11 57 19.69 
30 — 24.30 — 4.27 41.96 8.73 15 52.69 PS eee S i 
May 1 — 24.12 — 4.17 28.74 8.73 15 52.45 Ih! Sy WAL Sy 
2 — 23.94 — 4.06 15.53 8.73 (IS) Sy ay? i ONO As 
3 — 23.75 — 3.96 Pyrowik 8.72 15: “S1k99 IN! Siey syle 
4 — 23.56 — 3.86 349.09 8.72 iS S176 11 56 45.79 
5 — 23.35 — 3.75 335.87 8.72 iS) Sde53) 11 56 40.61 
6 — 23.14 — 3.65 322.65 8.72 iS ol3t i 56535.97 
7 — 22.93 — 3.54 309.43 8.72 15 51.08 11 56 31.88 
8 — 22.70 — 3.44 296.21 8.71 15 50.86 11 56 28.36 
9 — 22.47 — 3.33 282.99 8.71 15 50.64 11 56 25.40 
10 — 22.23 — 3.22 269.77 8.71 15 50.42 11 56 23.01 
11 — 21.99 — 3.11 256.54 8.71 15 50.20 1 56 217-20 
12 — 21.74 — 3.00 A332 8.71 15 49.99 11 56 19.98 
13 — 21.48 — 2.89 230.10 8.70 15 49.77 11 S6. 1933 
14 — 21.22 — 2.77 216.87 8.70 15 49.56 11 56 19.27 
15 — 20.94 — 2.66 203.64 8.70 id) 49335 11 56 19.79 
16 — 20.67 — 2.55 190.42 8.70 15 49.15 11 56 20.89 
17 — 20.38 — 2.43 177.19 8.70 15 48.94 Xp PLS 


Cl2 SUN, 2009 
FOR 04 TERRESTRIAL TIME 
Geometric Ecliptic Coords. Tie 
Dae Julian Mean Equinox & Ecliptic of Date ee ean Geavenwic 
; ; “ a ciination : 
sam 5 be Longitude Latitude te Distance 
245 OS ff y " hm  =~°s eo a 

May 17 4968.5 56 14 07.37 +0.03 3 35 40.32 +19 18 35.7 1.011 2785 
18 4969.5 57 I 55190 +0.14 3 39 38.84 +19 31 58.7 1.011 4926 
19 4970.5 58 09 43.28 +0.24 3 43 37.94 +19 45 01.8 1.011 7031 
20 4971.5 59 07 29.55 +0.32 3 47 37.60 +19 57 44.7 1.011 9097 
21 4972.5 60 05 14.69 +0.37 Bro Bvs82 +20 10 07.1 O12 22 
12) 4973.5 61 02 58.71 +0.39 3 55 38.59 +20 22 08.9 1.012 3102 
23 4974.5 62 00 41.60 +0.38 3 59 39.91 +20 33 49.7 1.012 5033 
24 4975.5 62 58 23.30 +0.34 4 03 41.75 +20 45 09.4 1.012 6914 
25 4976.5 63 56 03.78 +0.26 4 07 44.11 +20 56 07.6 1.012 8743 
26 4977.5 64 53 42.99 +0.17 4 11 46.97 +21 06 44.1 1.013 0518 
OF, 4978.5 65 51 20.87 +0.05 4 15 50.30 +21 16 58.8 1.013 2241 
28 4979.5 66 48 57.38 —0.08 4 19 54.09 +21 26 51.3 1.013 3912 
29 4980.5 67 46 32.48 -—0.21 4 23 58.31 +21 36 21.5 1.013 5533 
30 4981.5 68 44 06.17 —0.34 4 28 02.96 +21 45 29.2 1.013 7108 
31 4982.5 69 41 38.45 —0.46 4 32 08.00 +21 54 14.1 1.013 8640 
June 1 4983.5 70 39 09.36 —0.56 4 36 13.44 +22 02 36.1 1.014 0131 
2 4984.5 71 36 38.93 —0.63 4 40 19.26 +22 10 35.0 1.014 1584 
33 4985.5 2 34 O72 —0.68 4 44 25.44 +22 18 10.6 1.014 3002 
4 4986.5 3B) Bao —0.69 4 48 31.97 +22 25 22.9 1.014 4386 
5 4987.5 74 29 00.19 —0.68 4 52 38.84 +22 32 11.7 1.014 5738 
6 4988.5 75 26 25.03 —0.64 4 56 46.02 +22 38 36.8 1.014 7059 
7! 4989.5 76 23 48.89 —0.58 5 00 53.51 +22 44 38.1 1.014 8350 
8 4990.5 TE PA DiS —0.49 5 05 01.29 +22 50 15.5 1.014 9611 
9 4991.5 78 18 33.94 —0.39 5 09 09.34 +22 55 28.9 1.015 0841 
10 4992.5 79 15 55.30 —0.27 5°13 W764 +23 00 18.2 1.015 2039 
11 4993.5 80 13 15.99 —0.14 onl] 26:07 +23 04 43.2 1.015 3205 
12 4994.5 81 10 36.07 —0.02 521 84:02 +23 08 43.9 1.015 4337 
13 4995.5 82 07 55.61 +0.11 5 25 43.86 +23 12 20.1 1.015 5433 
14 4996.5 83 05 14.69 +0.23 5 29 52.98 +23 15 31.8 1.015 6492 
15 4997.5 84 02 33.34 +0.33 5 34 02.24 +23 18 18.8 1.015 7510 
16 4998.5 84 59 51.63 +0.41 5 38 11.65 +23 20 41.2 1.015 8485 
7) 4999.5 85 57 09.60 +0.47 5 42 21.16 +23 22 38.8 1.015 9415 
18 5000.5 86 54 27.28 +0.50 5 46 30.76 +23 24 11.6 1.016 0296 
19 5001.5 87 51 44.69 +0.50 5 50 40.44 +23 25 19.5 1.016 1125 
20 5002.5 88 49 01.84 +0.47 5 54 50.15 +23 26 02.6 1.016 1899 
21 5003.5 89 46 18.71 +0.40 5 58 59.89 +23 26 20.9 1.016 2615 
jp) 5004.5 90 43 35.27 +0.31 6 03 09.61 +23 26 14.3 1.016 3270 
23 5005.5 91 40 51.50 +0.20 6 07 19.29 +23 25 43.0 1.016 3863 
24 5006.5 92 38 07.32 +0.06 6 11 28.89 +23 24 46.8 1.016 4392 
25 5007.5 93°35 22°70 —0.07 6 15 38.39 +23 23 25.9 1.016 4859 
26 5008.5 94 32 37.59 —0.21 6 19 47.74 +23 21 40.3 1.016 5265 
27 5009.5 95 29 51.97 —0.33 6 23 56.93 +23 19 30.0 1.016 5612 
28 5010.5 96 27 05.82 —0.44 6 28 05.93 +23 16 55.2 1.016 5904 
29 5011.5 97 24 19.15 —0.52 6 32 14.72 +23 13 55.8 1.016 6144 
30 5012.5 98 21 32.01 —0.57 6 36 23.28 +23 ‘10 32:1 1.016 6335 
July 1 5013.5 99 18 44.42 —0.60 6 40 31.58 +23 06 44.0 1.016 6480 
2 5014.5 100 15 56.43 —0.59 6 44 39.61 +23 02 31.7 1.016 6582 


SUN, 2009 G13 
FOR 0° TERRESTRIAL TIME 


Pos. Angle Heliographic apes ae uk 
D . : : Oriz. emi- Iphemeris 
a ls Latitude | Longitude Parallax | Diameter Transit 
BR Be i Lins 
[e} fe} [e} 

May 17 — 20.38 — 2.43 177.19 
18 — 20.09 — 2.32 163.97 
19 — 19.79 — 2.20 150.74 
20 — 19.49 — 2.09 137.51 
21 — 19.18 — 1.97 124.28 
22 — 18.87 — 1.85 111.05 
23 — 18.54 — 1.74 97.82 
24 — 18.22 — 1.62 84.59 
2 — 17.88 — 1.50 71.36 
26 — 17.54 — 1.38 58.13 
Pai — 17.20 — 1.26 44.90 
28 — 16.85 — 1.14 31.67 
29 — 16.49 — 1.02 18.44 
30 — 16.13 — 0.90 6.21 
Si — 15.77 — 0.78 351.97 
June 1 — 15.40 — 0.66 338.74 
2 — 15.02 — 0.54 325.51 
3 — 14.64 — 0.42 312.27 
4 — 14.26 — 0.30 299.04 
5) — 13.87 — 0.18 285.80 
6 — 13.47 — 0.06 DTT: 
uf — 13.07 + 0.06 259.33 
8 — 12.67 + 0.18 246.10 
9 — 12.27 + 0.30 232.86 
10 — 11.86 + 0.43 219.62 
11 — 11.44 + 0.55 206.39 
12 — 11.03 + 0.67 193.15 
13 — 10.61 + 0.79 179.91 
14 — 10.18 + 0.91 166.68 
15 — 9.76 + 1.03 153.44 
16 — 9,33 + 14 140.20 
v7 — 8.90 + 1.26 126.97 
18 — 8.46 + 1.38 (MES 1/3) 
19 — 8.02 + 1.50 100.49 
20 — 7.58 + 1.62 87.26 
21 — 7.14 + 1.73 74.02 
22 — 6.70 + 1.85 60.79 
23 — 6.25 + 1.97 47.55 
24 — 5.81 + 2.08 34.31 
25 — 5.36 + 2,20) 21.08 
26 — 4,91 + 2.31 7.84 
Di — 4,46 + 2.43 354.60 
28 — 4.01 + 2.54 341.37 
29 — |} 3.55 + 2.65 328.13 
30 — 3.10 + 2.76 314.89 
July 1 — 2.65 + 2.88 301.66 
” — 2.19 + 2.99 288.42 


C14 SUN, 2009 
FOR 05 TERRESTRIAL TIME 


Geometric Ecliptic Coords. True 
Date Julian Mean Equinox & Ecliptic of Date Apparent ee an Geasene 
Os Longitude Latitude aa ia Distance 
— pn = 
245 a If " y hm <5 O® fi " 

July 1 5013.5 99 18 44.42 —0.60 6 40 31.58 +23 06 44.0 1.016 6480 
2) 5014.5 100 15 56.43 —0.59 6 44 39.61 +23 02 31.7 1.016 6582 
3 5015.5 101 13 08.12 —0.56 6 48 47.35 +22 57 55.3 1.016 6642 
4 5016.5 102 10 19.55 —0.50 6 52 54.79 +22 52 54.9 1.016 6664 
5) 5017.5 103 07 30.80 —0.41 6 57 01.89 +22 47 30.7 1.016 6648 
6 5018.5 104 04 41.93 —0.31 7 O1 08.65 +22 41 42.8 1.016 6596 
7 5019.5 105 01 53.03 —0.19 7 05: E5105 +22 35 31.4 1.016 6508 
8 5020.5 105 59 04.19 —0.06 7 09 21.07 +22 28 56.4 1.016 6385 
9 5021.5 106 56 15.47 +0.07 7 13 26.69 +22 21 58.2 1.016 6226 
10 5022.5 107 53 26.96 +0.20 TD Ah S91 +22 14 36.9 1.016 6032 
11 5023.5 108 50 38.74 +0.32 7 21 36.70 +22 06 52.6 1.016 5801 
12 5024.5 109 47 50.88 +0.43 7 25 41.06 +21 58 45.4 1.016 5532 
13 5025.5 110 45 03.46 +0.52 7 29 44.97 +21 50 15.6 1.016 5225 
14 5026.5 11142) 16s3 +0.58 7 33 48.42 +21 41 23.4 1.016 4876 
15 5027.5 112 39 30.16 +0.62 7 37 51.40 +21 32 08.8 1.016 4484 
16 5028.5 113 36 44.40 +0.63 7 41 53.91 +21 22 32.1 1.016 4047 
17 5029.5 114 33 59.29 +0.61 T AS: 55:92 +21 12 33.5 1.016 3561 
18 5030.5 115 31 14.86 +0.56 7 49 57.42 +21 02 13.3 1.016 3023 
19 5031.5 116 28 31.10 +0.47 7 53 58.42 +20 51 31.7 1.016 2430 
20 5032.5 117 25 48.03 +0.37 7 57 58.88 +20 40 28.8 1.016 1780 
21 5033.5 118 23 05.60 +0.24 8 01 58.80 +20 29 05.1 1.016 1070 
2D 5034.5 119-20) 2377/8 +0.10 8 05 58.15 +20 17 20.7 1.016 0297 
23 5035.5 120 17 42:52 —0.04 8 09 56.93 +20 05 16.0 1.015 9463 
24 5036.5 121 15: OLS —0.17 6 13 SSL +19 52 51.2 1.015 8567 
25 5037.5 122 le 24S: —0.29 8 17 52.69 +19 40 06.5 1.015 7611 
26 5038.5 123 09 41.57 —0.38 8 21 49.66 +19 27 02.3 1.015 6599 
Da 5039.5 124 07 02.12 —0.45 8 25 46.02 +19 13 38.8 1.015 5533 
28 5040.5 125 04 23.08 —0.48 8 29 41.76 +18 59 56.3 1.015 4417 
29 5041.5 126 O1 44.50 | —0.48 8 33 36.88 +18 45 55.1 [1.015 3253: 
30 5042.5 126 59 06.39 —0.46 8 37 31.38 +18 31 35.5 1.015 2047 
31 5043.5 127 56 28.80 —0.40 8 41 25.25 +18 16 57.8 1.015 0799 

Aug. 1 5044.5 12853 SRS —0.33 8 45 18.51 +18 02 02.2 1.014 9513 
2 5045.5 129 51 15.42 —0.23 8 49 11.14 +17 46 49.1 1.014 8192 
3 5046.5 130 48 39.74 —0.11 8 53 03.16 +17 31 18.7 1.014 6837 
4 5047.5 131 46 04.83 +0.01 8 56 54.56 +17 15 31.2 1.014 5450 
5 5048.5 132° 43; 3076 +0.14 9 00 45.35 +16 59 27.1 1.014 4033 
6 5049.5 133 40 57.61 +0.27 9 04 35.53 +16 43 06.5 1.014 2587 
Af 5050.5 134 38 25.44 +0.40 9 08 25.11 +16 26 29.8 1.014 1111 
8 5051.5 135. 35 54.34 +0.51 9 12 14.11 +16 09 37.2 1.013 9608 
9 5052.5 136 33 24.39 +0.60 9 16 02.52 +15 52 28.9 1.013 8076 
10 5053.5 13730) S507 +0.68 9 19 50.36 +15 35 05.4 1.013 6514 
11 5054.5 138 28 28.24 +0.72 9 23 37.64 +15 17 26.8 1.013 4923 
12 5055.5 139 26 02.17 +0.74 9 27 24.36 +14 59 33.4 1.013 3300 
13 5056.5 140: 23 37.52 +0.73 9 31 10.55 +14 41 25.5 1.013 1644 
14 5057.5 141 21 14.35 +0.68 9 34 56.21 +14 23 03.5 1.012 9953 
15 5058.5 142 18 52.70 +0.61 9 38 41.34 +14 04 27.6 1.012 8223 
16 5059.5 143 16 32.59 +0.51 9 42 25.97 +13 45 38.2 1.012 6452 


FOR 05 


SUN, 2009 
TERRESTRIAL TIME 


Pos. Angle 
Date of Axis Latitude 
P 
ie) 
July = 2.65 
2) = 2K) ; 
3 = 1.74 + 3.10 
4 lg 23:20 
5) = 0.83 si ak sill 
6 = 038 + 3.42 
yf + 0.07 ae Chow 
8 +) 0752 + 3.63 
9 + 0:98 ar ails} 
10 + 1.43 + 3.84 
11 + 1.88 + 3.94 
12 ap eee + 4.04 
13 sp Aoi/i/ + 4.14 
14 Sh P07! + 4.24 
15 + 3.66 + 4.33 
16 + 4.10 + 4.43 
17 + 4.54 + 4.52 
18 + 4.98 + 4.62 
19 + 5.42 + 4.71 
20 Se Ste + 4.80 
21 EP (G:28 + 4.89 
22 TROWiAl + 4.98 
23 + 7.14 + 5.07 
24 Se fis)i/ Hails 
25 =) n99) + 5.24 
26 + 841 ar Sey? 
27 + 8.82 + 5.40 
28 + 9.23 + 5.48 
29 + 9.64 Ge 5} 6) 
30 + 10.05 + 5.64 
31 + 10.45 a7 pil 
Aug. 1 + 10.85 ar hy 
2 ae wih 45, + 5.86 
3 + 11.64 45.95 
4 12402 + 6.00 
5 + 12.41 + 6.07 
6 a WIL One 
4 ae alsh NF +7619 
8 + 13.54 6:26 
yy + 13:91 “Onoe 
10 + 14.27 + 6.38 
11 + 14.63 + 6.43 
12 + 14.98 + 6.49 
13 +1 15735 + 6.54 
14 + 15.68 ap (op 3) 
15 + 16.02 + 6.64 
16 + 16.36 + 6.69 


Heliographic 


Longitude 


G15 


Horiz. Semi- Ephemeris 
Parallax | Diameter Transit 

" / 1] h? m s 
8.65 15 43.93 12 03 53.64 
8.65 15 43.92 12 04 04.97 
8.65 15 43.92 12 04 16.00 
8.65 15 43.91 12 04 26.71 
8.65 15 43.91 12 04 37.08 
8.65 15 43.92 12 04 47.10 
8.65 15 43.93 12045 56:75 
8.65 15 43.94 12 05 06.01 
8.65 15 43.95 12 05 14.87 
8.65 15 43.97 1250582332 
8.65 15 43.99 NWA OS) Shl53is) 
8.65 15) 44.02 12 05 38.93 
8.65 15 44.05 12 05 46.06 
8.65 15 44.08 12A055 52573 
8.65 15 44.12 12 05 58.92 
8.65 15 44.16 12 06 04.62 
8.65 15 44.20 12 06 09.82 
8.65 15 44.25 12 06 14.50 
8.65 15 44.31 12 06 18.67 
8.65 15 44.37 12 06 22.29 
8.65 15 44.43 12 06 25.36 
8.66 15 44.50 12 06 27.86 
8.66 15 44.58 12 06 29.78 
8.66 15 44.67 IZOGeS tell 
8.66 15 44.75 12 06 31.83 
8.66 15 44.85 12 06 31.94 
8.66 15 44.95 12 06 31.44 
8.66 15 45.05 12 06 30.31 
8.66 15 45.16 12 06 28.56 
8.66 15 45.27 12 06 26.19 
8.66 NS" 45939 12 06 23.19 
8.66 1S) 45.51 12 06 19.57 
8.67 15 45.63 12 06 15.33 
8.67 15) 45.76 12 06 10.48 
8.67 15 45.89 12 06 05.01 
8.67 15 46.02 12 05 58.94 
8.67 15 46.15 12505852226 
8.67 15 46.29 12 05 45.00 
8.67 15 46.43 | 12 05 37.15 
8.67 15 46.57 | 12 05 28.72 
8.68 58 4657/2 1I2ROSs 19873 
8.68 15 46.87 12705) 10318 
8.68 15 47.02 12 05 00.08 
8.68 15 47.18 12 04 49.45 
8.68 dy 473338 12 04 38.28 
8.68 15 47.50 12 04 26.60 
8.68 15 47.66 12 04 14.41 


SUN, 2009 


FOR 05 TERRESTRIAL TIME 
Geometric Ecliptic Coords. 
Dae Julian Mean Equinox & Ecliptic of Date Apparent Apparent 
Date Doaetede LWarite R. A. Declination 
a 
245 Oo v " 1 h m $ ® Wp 
Aug. 16 5059.5 143 16 32.59 +0.51 9 42 25.97 +13 45 38.2 
17 5060.5 144 14 14.02 +0.39 9 46 10.09 +13 26 35.5 
18 5061.5 145 11 56.98 +0.26 9 49 53.72 +13 07 20.1 
19 5062.5 146 09 41.45 +0.12 9 53 36.85 +12 47 52.0 
20 5063.5 LAF OT 2137) —0.02 9 57 19.50 +12 28 11.9 
PLA 5064.5 148 05 14.70 —0.14 10 O1 01.66 +12 08 19.8 
22 5065.5 149 03 03.37 —0.24 10 04 43.35 +11 48 16.4 
23 5066.5 150) 00° 53:33 —0.32 10 08 24.58 +11 28 01.7 
24 5067.5 150 58 44.54 —0.37 10 12 05.37 +11 07 36.2 
25 5068.5 151 56 36.99 —0.38 LOWS 245872 +10 47 00.3 
26 5069.5 152 54 30.67 —0.37 10 19 25.64 +10 26 14.2 
27 5070.5 15352 25109 —0.32 10 23 05.15 +10 05 18.3 
28 5071.5 154 50 21.76 —0.25 10 26 44.27 + 9 44 13.0 
29 5072.) 155 48 19.21 —0.16 10 30 23.01 + 9 22 58.4 
30 5073.5 156 46 17.97 —0.05 10 34 01.39 + 9 01 35.1 
31 5074.5 157 44 18.10 +0.07 10 37 39.42 + 8 40 03.1 
Sept. 1 5075.5 158 42 19.64 +0.19 10 41 17.11 + 8 18 23.0 
2 5076.5 159 40 22.64 +0.32 10 44 54.50 + 7 56 35.0 
3 5077.5 160 38 27.17 +0.44 10 48 31.59 + 7 34 39.3 
4 5078.5 161 36°33:27 +0.55 10 52 08.41 + 7 12 36.4 
5 5079.5 162 34 41.04 +0.65 10 55 44.97 + 6 50 26.4 
6 5080.5 163-32 5052 +0.72 LORSO 21531 + 6 28 09.7 
a 5081.5 164 31 01.81 +0.77 11 02 57.44 + 6 05 46.6 
8 5082.5 165 29 14.97 +0.80 11 06 33.38 +S) 45 173 
9 5083.5 166 27 30.06 +0.79 11 10 09.16 + 5 20 42.2 
10 5084.5 167 25 47.16 +0.75 11 13 44.80 + 4 58 01.6 
11 5085.5 168 24 06.32 +0.68 LiL Te2032 + 43571538 
12, 5086.5 169 22 27.58 +0.59 L120 Suro + 4 12 25.0 
13 5087.5 170 20 50.98 +0.48 11 24 31.10 + 3 49 29.7 
14 5088.5 171 19 16.53 +0.35 11 28 06.38 + 3 26 30.2 
15 5089.5 172 17 44.23 +0.21 11 31 41.62 + 3 03 26.8 
16 5090.5 173 16 14.05 +0.08 11 35 16.84 + 2 40 19.9 
V7. 5091.5 174 14 45.96 —0.05 11 38 52.04 + 2 17 09.8 
18 5092.5 175 13 19.89 —0.16 11 42 27.25 + 1 53 57.0 
19 5093.5 TO WL S479 —0.24 11 46 02.48 + 1 30 41.8 
20 5094.5 177 10 33.60 —0.30 11 49 37.75 + 1 07 24.5 
21 5095.5 178 09 13.25 —0.32 11 53 13.08 + 0 44 05.4 
22 5096.5 179 07 54.69 —0.32 11 56 48.49 + 0 20 45.1 
2S 5097.5 180 06 37.88 —0.28 12 00 23.99 — 0 02 36.3 
24 5098.5 181 05 22.81 —0.22 12 03 59.60 — 0 25 58.3 
25 5099.5 182 04 09.45 —0.14 12 07 35.34 — 0 49 20.6 
26 5100.5 183 02 57.81 —0.04 121 Pres — 1 12 42.9 
27 5101.5 184 O1 47.89 +0.08 12 14 47.28 — 1 36 04.7 
28 5102.5 185 00 39.70 +0.20 P2F 184 23.09 — 1 59 25:8 
29 5103.5 185 59 33.26 +0.32 12 21 59.97 — 2 22 45.7 
30 5104.5 186 58 28.60 +0.44 12 25 36.65 — 2 46 04.3 
Oct. 1 5105.5 S757 2579 +0.55 12 29 13.58 — 3 09 21.1 


1.012 
1.012 
1.012 
1.012 
1.011 


1.011 
1.011 
1.011 
1.011 
1.010 


1.010 
1.010 
1.010 
1.009 
1.009 


1.009 
1.009 
1.008 
1.008 
1.008 


1.008 
1.007 
1.007 
1.007 
1.007 


1.006 
1.006 
1.006 
1.006 
1.005 


1.005 
1.005 
1.005 
1.004 
1.004 


1.004 
1.004 
1.003 
1.003 
1.003 


1.002 
1.002 
1.002 
1.002 
1.001 


1.001 
1.001 


tl: True 


Geocentric 
Distance 


6452 
4637 
2775 
0864 
8903 


6892 
4830 
2721 
0567 
8371 


6137 
3867 
1566 
9236 
6881 


4504 
2106 
9690 
7259 
4813 


2355 
9885 
7405 
4913 
2409 


9892 
7361 
4813 
2245 
9656 


7043 
4402 
1733 
9033 
6304 


3544 
0758 
7946 
Sy ilpA 
2259 


9390 
6509 
3620 
0724 
7826 


4927 
2032 


SUN, 2009 


Ci 


FOR 05 TERRESTRIAL TIME 
Pos. Angle Heliographic i 
Date of Axis Tanitoeconeend Horiz. 
atitude ongitude | parallax 
P B, L, 
fe) O° fo} A 
Aug. 16 + 16.36 + 6.69 53.14 8.68 
17 + 16.69 + 6.74 39.92 8.69 
18 + 1702 + 6.78 26.71 8.69 
19 + 17.34 + 6.82 13.49 8.69 
20 + 17.66 + 6.86 0.27 8.69 
Pi) + 298 + 6.90 347.06 8.69 
22 a S8.28 + 6.94 333.84 8.69 
23 + 18.59 st OL9, 320.63 8.70 
24 + 18.89 7,01 307.42 8.70 
25 1918 + 7.04 294.20 8.70 
26 + 19.47 a OM 280.99 8.70 
27 ONS 427.09 267.78 8.70 
28 + 20.03 A 7,2 254.57 8.71 
29 + 20.30 + 7.14 241.36 8.71 
30 + 20.57 + 7.16 228.14 8.71 
31 + 20.83 + 7.18 214.93 8.71 
Sept. » 1 + 21.08 + 7.19 201.72 8.71 
2 i 258 #721 188.52 8.72 
3 =F 21E5S ti 7.22 175.31 8.72 
4 + 21582 ti 7.23 162.10 8.72 
5) oe 22:05 + 7.24 148.89 8.72 
6 + 22.28 ta 2D 135.68 8.72 
7 ei) ta 2) 122.48 8.73 
8 + 22/2 7.25 109.27 8.73 
9 ae 22,98 1.20 96.06 8.73 
10 a 23013 tA T.20 82.86 8.73 
iM + 28:33 + 7.24 69.65 8.74 
12 + 23:52 + 7.24 56.45 8.74 
13 + 23:71 tad 23 43.25 8.74 
14 + 23389 +i7.22 30.04 8.74 
15 + 24.06 ip feel 16.84 8.74 
16 + 24.23 oD gest) 3.64 8.75 
17 + 24.39 7. 1, 350.44 8.75 
18 + 24.55 ae elke) 337.24 8.75 
i) + 24.70 da 7.8 324.04 8.75 
20 + 24.84 eo ial tt 310.84 8.76 
21 + 24.98 da 7,09 297.64 8.76 
22 = van) I + 7.06 284.44 8.76 
23 Ti 2o23 + 7.03 271.24 8.76 
24 + 25335 + 7.00 258.04 8.77 
25 + 25.46 + 6.96 244.84 8.77 
26 + 25.56 + 6.93 231.64 8.77 
27 + 25.66 + 6.89 218.45 8.77 
28 + 2as19 + 6.85 205.25 8.78 
29 125280 + 6.81 192.05 8.78 
30 te 25190) + 6.76 178.86 8.78 
Oct. 1 5 23) if ate OV 165.66 8.78 


Semi- Ephemeris 
Diameter Transit 

/ fii} h m Ss 
15 47.66 12 04 14.41 
15 47.83 12 04 01.72 
15 48.01 12 03 48.54 
15 48.18 12 03 34.87 
15 48.37 12 03 2072 
15 48.56 12 03 06.10 
LS 48-75 127025502 
15 48.95 12 02 35.48 
15 49.15 12 02 19.49 
15 49.36 12 02 03.08 
15 49.57 12 O01 46.24 
15 49.78 12 01 29.01 
15 50.00 12 On 11638 
15 50.22 12 00 53.38 
15 50.44 12 00 35.02 
15 50.66 12 00 16.33 
15 50.89 (PSS 57-32 
Sy Sy I) al 11 59 38.00 
15 51.34 11 59 18.41 
15: S157 LSS 55855 
iS Si:81 11 58 38.46 
15 52.04 LSS sas 
iis) 52-27 MIS S64 
ey Sys! 11 57 36.95 
1S, 52:95 Lt SF Lok! 
15 52.98 11 56 55.14 
LS) 58:22) 11 56 34.06 
1S 53.47 11 56 12.89 
EY ea i/ll 11 55 51.64 
tS) 93295 11 55 30/35 
15) 64.20 11 55 09.03 
15 54.45 11 54 47.68 
15 54.71 11 54 26.34 
15 54.96 11 54 05.02 
1S) 95.22 1 63 43:73 
15 55.48 Pi S8922749 
15 55:05 12 58 O13 
15 56.02 it 52 40:21 
15 56.29 lt 82. 19:21 
15 56.56 iS 58.35 
15 56.83 it si 37:59 
15 “7. 1 11 51 17.00 
15 57.38 11 50 56.60 
15 57.66 11 50 36.39 
15 57.94 11 50 16.40 
iS Lose 11 49 56.65 
15 58.49 11 49 37.17 


C18 SUN, 2009 
FOR 05 TERRESTRIAL TIME 
Geometric Ecliptic Coords. True 
Date Julian | Mean Equinox & Ecliptic of Date Apparent Res Hs Geocentric 
; eclination : 
Doe Longitude Latitude oo Distance 
245 oO - yy) / s Ye Ui 

Octy Mal SOs 137 57 255 +0.55 12 29 13.58 — 3 09 21.1 1.001 2032 
2 5106.5 188 56 24.75 +0.65 12 32 50.78 — 3 32 35.8 1.000 9143 
3 5107.5 189 55 25.65 +0.72 12 36 28.28 — 355 48.1 1.000 6261 
4 5108.5 190 54 28.50 +0.77 12 40 06.10 — 4 18 57.6 1.000 3390 
5 5109.5 LOTES3 3837) +0.80 12 43 44.26 — 4 42 04.0 1.000 0530 
6 5110.5 192 52 40.31 +0879 12 47 22.80 — 5 05 07.1 0.999 7682 
7 SWAES 193 51 49.39 +0.75 12 51 01.73 — 5 28 06.4 0.999 4847 
3 | Silla 194 51 00.67 +0.69 12 54 41.08 — 5 51 01.7 0.999 2025 
9 SSS: 195 50 14.21 +0.60 12 58 20.87 — 6°13 52.5 0.998 9215 
10 5114.5 196 49 30.05 +0.48 16102101813 — 6 36 38.6 0.998 6414 
11 SSS 197 48 48.23 +0.36 13 05 41.86 16959 (195 0.998 3621 
12 5116.5 198 48 08.76 +0.22 13 09 23.10 — 7 21 54.8 0.998 0833 
13 SES 199 47 31.64 +0.09 13 13 04.85 — 7 44 24.3 0.997 8049 
14 5118.5 200 46 56.86 —0.04 13 16 47.14 — 8 06 47.4 0.997 5264 
155) SOS 201 46 24.36 —0.15 13 20 29.98 — 8 29 03.8 0.997 2477 
16 S120 202 45 54.11 —0.24 13 24 13.40 — 18's MBA 0.996 9686 
Wl SPATS 203 45 26.04 —0.30 1327 S789. — 19 13 148 0.996 6891 
18 S225 204 45 00.07 —0.33 13 31 41.99 — 9 35 08.6 0.996 4091 
19 S235 205 44 36.13 —0:33 18%35'927-20 -— 9 56 54.1 0.996 1286 
20 | 5124.5 206 44 14.14 —0.30 13 39 13.03 —10 18 30.8 0.995 8478 
21 5125.5 207 43 54.05 —0}25 13 42 59.51 —10 39 58.4 0.995 5669 
224 S126:5 208 43 35.79 == Oni 13 46 46.63 —11 01 16.4 0.995 2861 
23 SII) 209 43 19.32 =0!07 13 50 34.42 —Il 22 245 0.995 0058 
24] 5128.5 210 43 04.60 +0.04 13 54 22.88 —11 43 22.2 0.994 7262 
25 D295 211 42 51.60 +0.16 13 58 12.02 —12 04 09.2 0.994 4476 
26 5130.5 212 42 40.31 +0.28 14 02 01.87 —12 24 44.9 0.994 1704 
27 lie 213 42 30.69 +0.40 14 05 52.42 —12 45 09.1 0.993 8948 
PRS || SSB YASS 214 42 22.76 +0.51 14 09 43.69 —13°05 21.4 0.993 6212 
22 S135 215 42 16.50 +0.61 14 13 35.70 —I3*25 2133 0.993 3499 
30 5134.5 216 42 11.93 +0.68 14 17 28.46 —13 45 08.5 0.993 0812 
31 S135:9 217 42 09.06 +0.73 14 21 21.98 —14 04 42.5 0.992 8153 
Nov. 1 5136.5 218 42 07.91 +0.76 14 25 16.28 —14 24 03.0 0.992 5527 
INES Bas) 219 42 08.53 +0.75 14 29 11.37 —14 43 09.7 0.992 2935 
3 5138.5 220 42 10.96 +0.71 14 33 07.26 —15°02 02.1 0.992 0379 
4 5139.5 221 42 15.24 +0.65 14 37 03.97 —15 20 39.8 0.991 7860 
oD 5140.5 222 42 21.44 +0.56 14 41 O1.51 —15 39_02:6 0.991 5380 
6} 5141.5 223 42 29.61 +0.44 14 44 59.89 —15 57 09.9 0.991 2937 
i 5142.5 224 42 39.78 +0.31 14 48 59.12 —16 15 01.5 0.991 0531 
8 5143.5 225 42 52.00 +0.17 14 52 59.20 —16 32 36.8 0.990 8161 
9 5144.5 226 43 06.28 +0.03 14 57 00.14 —16 49 55.5 0.990 5822 
10 5145.5 227 43 22.63 —0.10 15 O1 01.95 =—177°06 S7AL 0.990 3514 
11 5146.5 228 43 41.01 =021 15 05 04.61 — li] 23 4183 0.990 1233 
12 5147.5 229 44 01.40 =—0:31 15 09 08.15 —17 40 07.6 0.989 8977 
13 5148.5 230 44 23.75 =0.37 1513) 1256 —17°56 15:6 0.989 6744 
14 5149.5 231 44 47.98 —0.41 1S SeRSs: —18 12 04.9 0.989 4531 
Sy SISOS 232 45 14.03 —0.42 15 21 23.96 —18 27 35.1 0.989 2338 
167)" *STS1%S 233 45 41.80 —0.39 15 25 30.95 —18 42 45.8 0.989 0164 


SUN, 2009 C19 
FOR 05 TERRESTRIAL TIME 

Pos. Angle Heliographic ae ae a 
Date of Axis : = Oriz. emi- phemeris 

Latitude | Longitude Parallax | Diameter Transit 

P By Di 

° fo} ° // / // h m iS 
Oct. 1 ai Dy Shy howe 165.66 8.78 15 58.49 1IASS 37, 
2 + 26.04 + 6.67 152.46 8.79 1558777. 11 49 17.97 
3} + 26.09 + 6.62 139.27 8.79 15 59.04 11 48 59.08 
4 + 26.14 + 6.57 126.07 8.79 Sy S93? 11 48 40.52 
5 +2618 | +651 112.88 8.79 15 59.59 | 11 48 22.32 
6 + 26,22 + 6.46 99.68 8.80 15 59.87 11 48 04.50 
i + 26.24 + 6.40 86.49 8.80 16 00.14 11 47 47.08 
8 “26:26 + 6.34 73.30 8.80 16 00.41 11 47 30.09 
9 = 261i, + 6.28 60.10 8.80 16 00.68 RAT MIBESS 
10 + 26.28 ae (ev) 46.91 8.81 16 00.95 11 46 57.48 
11 + 26.28 + 6.15 Bane 8.81 LOM OIE22: 11 46 41.90 
12 = 26.271 + 6.08 20.53 8.81 16 01.49 11 46 26.83 
13 se PADS) + 6.01 W335 8.81 16 01.76 11 46 12.30 
14 + 26.23 + 5.94 354.14 8.82 16 02.02 1D 4S) 58231 
113) + 26.20 + 5.87 340.95 8.82 16 02.29 11 45 44.88 
16 + 26.16 + 5.80 327.76 8.82 16 02.56 TARAS 532208) 
17 + 26.11 ap SP 314.57 8.82 16 02.83 11 45 19.77 
18 + 26.06 + 5.64 301.38 8.83 16 03.10 1245" 08.12 
19 + 25.99 ap OLX6) 288.19 8.83 16 03.37 1A AS 57208 
20 ap SP + 5.48 275.00 8.83 16 03.65 11 44 46.68 
Al =f 2 5rOo) + 5.40 261.81 8.83 16 03.92 11 44 36.91 
D2) + 25.76 + 5.31 248.63 8.84 16 04.19 11 44 27.80 
23 + 25.67 +15.23 235.44 8.84 16 04.46 11 44 19.35 
24 = D5ioi cp sill! DL ES 8.84 16 04.73 1S ee eS) 
25 + 25.46 Eo 05) 209.06 8.84 16 05.00 11 44 04.51 
26 + 25.34 + 4.96 195.87 8.85 1605.27, BIASES Salts) 
27 Si NS) AD + 4.86 182.68 8.85 16 05.54 DL 23s S20) 
28 + 25.09 ae Cae 169.50 8.85 16 05.81 11 43 47.58 
29 + 24.95 + 4.67 156.31 8.85 16 06.07 11 43 43.40 
30 + 24.80 + 4.58 143.12 8.86 16 06.33 11 43 39.99 
Sul + 24.64 + 4.48 129.93 8.86 16 06.59 int 4s) Syst 
Nov. 1 + 24.48 + 4.38 116.75 8.86 16 06.85 UMASS S5rA7 
2) a ALI + 4.28 103.56 8.86 16 07.10 11 43 34.40 
3 + 24:13 + 4.17 90.37 8.86 16 07.35 UiAS) 34a3 
4 + 23.94 eA OF, TANS 8.87 16 07.59 11 43 34.69 
5 + 23.75 + 3.96 64.00 8.87 16 07.83 11 43 36.08 
6 + 238555) + 3.86 50.82 8.87 16 08.07 11 43 38.30 
i, + 23.34 ce o/h) 37.63 8.87 VOmOS=o 11 43 41.38 
8 = 2812) + 3.64 24.45 8.88 16 08.54 1 4354532 
9 + 22.89 Hp eho) 11.26 8.88 16 08.77 11 43° 50:13 
10 + 22.66 ain ya 358.08 8.88 16 08.99 11 43 55.80 
11 + 22:42 + 3.30 344.89 8.88 16 09.22 11 44 02.34 
12 ap we NI +. 3.19 331.71 8.88 16 09.44 11 44 09.75 
13 + 21.91 + 3.08 318.53 8.89 16 09.66 11 44 18.03 
14 + 21.65 + 2.96 305.34 8.89 16 09.87 11 44 27.18 
15 *F 238 + 2.84 292.16 8.89 16 10.09 11 44 37.18 
16 + 21.10 Se PRs) 278.98 8.89 16 10.30 11 44 48.03 


C20 SUN, 2009 
FOR 02 TERRESTRIAL TIME 


é Geometric Ecliptic Coords. True 
Date Julian | Mean Equinox & Ecliptic of Date Apparent Pat ile Ceeeaiittie 
Date honed Tamnde R.A. Declination Tse 
245 QO uv ” ” hm s 
Nov. 16 SSID 233 45 41.80 —0'39 la-25 30:95 

17 SD 2ES 234 46 11.22 —0.34 15 29 38.79 ; 
18 S)IIB}S}5) 235 46 42.20 —0.26 15 33 47.46 —19 12 07.1 0.988 5874 
19 5154.5 236 47 14.66 —0.16 15 37 56.96 —19 26 16.9 0.988 3761 
20 Dilsys}s) 237 47 48.53 —0.05 15 42 07.28 —19 40 05.7 0.988 1671 
21 5156.5 238 48 23.74 +0.07 15 46 18.40 =19"53: 33.1 0.987 9606 
22 SSTES 239 49 00.22 +0.19 15 50: 3031 —20 06 38.6 0.987 7569 
23 5158.5 240 49 37.93 +0.31 15 54 42.99 —20 19 22.0 0.987 5562 
24 31/1255) 241 50 16.82 +0.43 15 58 56.44 —20 31 42.9 0.987 3588 
25 5160.5 242 50 56.83 +0.52 16 03 10.63 —20 43 41.0 0.987 1650 
26 5161.5 243 31 3795 +0.60 16 07 25.56 —20 55 15.8 0.986 9751 
27 5162.5 244 52 20.14 +0.66 16 11 41.21 —21 06 27.2 0.986 7893 
28 5163.5 245 53 03.39 +0.69 LOWS S757 —21 17 147 0.986 6080 
29 5164.5 246 53 47.68 +0.68 16 20 14.62 ~21 27 382 0.986 4315 
30 5165.5 247 54 33.03 +0.65 16 24 32.35 = 2 Se 37 e2, 0.986 2601 
Dec aa 5166.5 248 55 19.44 0259 16 28 50.73 — 2h CAT 5 0.986 0941 
2 5167.5 249 56 06.95 +0.49 16 33 09.76 =21 56 20.9 0.985 9337 
3 5168.5 250 56 55.60 +0.38 16 37 29.43 —22 05 05.1 0.985 7790 
4 5169.5 251 57 45.44 +0.24 16 41 49.69 =—22 13 23.8 0.985 6301 
5 5170.5 252 58 36.51 +0.09 16 46 10.55 —22°21 16:8 0.985 4870 
6) fSi7 15 253 59 28.84 —0.05 16 50 31.97 —22 28 43.8 0.985 3496 
A SLT29 255 00 22.47 —0.19 16 54 53.94 —22 35 44.5 0.985 2176 
8 SULTS 256 01 17.40 =). 2 16 59 16.42 —22 42 18.8 0.985 0907 
9 5174.5 2571 02 W362 —0.42 17 03 39.40 —22 48 26.3 0.984 9687 
10 =) I7isys) 258 03 11.08 —0.49 17 08 02.86 —22 54 06.9 0.984 8513 
ill 5176.5 259 04 09.76 —0.54 I? 12 26375 =22 9 203 0.984 7381 
12 5177.5 260 05 09.57 —0.55 17 16 51.05 —23 04 06.5 0.984 6290 
13 5178.5 261 06 10.46 —0.53 172L WSW78 —2308 25:2 0.984 5237 
14 17915 262 07 12.34 —0.48 17 25 40.75 20 vie. OD 0.984 4220 
15 5180.5 263 08 15nl2 —0.41 17 30 06.09 —23 HS 9389/6 0.984 3240 
16 5181.5 264 09 18.71 =0.31 17 34 31.69 —23 18 35-1 0.984 2295 
i 5182.5 265 10 23.03 —0.20 17 38 Sirs2 —23 121 02:6 0.984 1385 
18519 S88e5 266 11 27.98 —0.08 7 43 23155 —23 23 02.1 0.984 0512 
19 5184.5 267 12 33.47 +0.05 17 47 49.74 —2etLA 335 0.983 9675 
20 5185.5 268 13 39.44 +0.17 17 52 16.04 =23 925 36.7 0.983 8875 
725 5186.5 269 14 45.79 +0.29 17 56 42.42 —23 261427 0.983 8116 
22 5187.5 270 15 52.46 +0.39 18 O1 08.85 —23 26 18.4 0.983 7398 
23 5188.5 271 16 59:38 +0.48 18 O05 35.28 =23 \25 56.9 0.983 6723 
24 5189.5 272 18 06.49 +0.54 18 10 01.69 =23 25 07:2 0.983 6094 
25 $190.5 21> 9 Mee +0.58 18 14 28.03 —23 23 49.2 0.983 5513 
26 5191.5 274 20 21.06 +0.59 18 18 54.28 —=23 22 1034 0.983 4983 
Di 5192.5 275 21 28.45 +0.56 18 23 20.41 —23 19 48.8 0.983 4507 
28 SLOSS 276 22 35.86 +0.51 18 27 46.37 —23 17 06:5 0.983 4087 
29 5194.5 277 23 43.28 +0.42 18 32 12.14 28 13) Ou! 0.983 3727 
30 >) BYS) 278 24 50.72 +0.31 18 36 37.69 —23 10 18.0 0.983 3429 
31 5196.5 219 25 D821 +0.17 18 41 03.00 =—23 06 12:0 0.983 3196 
32 SNOT 280 27 05.76 +0.02 18 45 28.02 —23*01 38:5 0.983 3029 


SUN, 2009 C2 
FOR 05 TERRESTRIAL TIME 


Pos. Angle Heliographic Hori Semi Eph : 
Dat : = : oriz. emi- phemeris 

“ es Latitude | Longitude Parallax | Diameter Transit 

Je B, ie 

° ° ° 11 , wy h m Ss 
Nov. 16 Pal hel Kd) PAIS) 278.98 8.89 16 10.30 11 44 48.03 
17 + 20.81 + 2.61 265.80 8.89 16 10.51 1t 44° 59.72 
18 ap MAUS? + 2.49 252.62 8.90 16 10.72 Tras 12.24 
19 + 20:22 2.1 239.43 8.90 16 10.93 1) 459 25.58 
20 + 19.91 + 2.25 226.25 8.90 16 11.14 11 45 39.73 
21 + 19.59 “ies lS) 213.07 8.90 16 11.34 11 45 54.68 
22 Gl 2G + 2.00 199.89 8.90 Gres 4: 11 46 10.42 
23 + 18.94 + 1.88 186.71 8.90 GS liga 11 46 26.92 
24 + 18.60 =F 176 MSS) 8.91 16 11.93 11 46 44.19 
25 + 18.26 + 1.63 160.35 8.91 Ky lA sil 11 47 02.20 
26 + 17.91 ainullpoyl 147.17 8.91 iIoy, We2se3i| 11 47 20.93 
Pag = eal W753) -- 1.38 133.99 8.91 16 12.49 11 47 40.39 
28 + 17.19 - 1.26 120.81 8.91 16 12.67 11 48 00.54 
29 + 16.82 + 1,13 107.63 8.92 16 12.84 EP ASS 7) 
30 + 16.44 + 1.01 94.45 8.92 16 13.01 11 48 42.87 
Dec 1 + 16.06 + 0.88 81.27 8.92 16 13.18 11 49 05.03 
2 + 15.67 “1047/5 68.09 8.92 16 13.34 11 49 27.81 
3 + 15528 + 0.62 54.91 8.92 16 13.49 1f 49°51:21 
4 + 14.88 + 0.50 41.73 8.92 16 13.64 LT 50" 152) 
5 + 14.48 + 0.37 28.55 8.92 16 13.78 11 50 39.79 
6 + 14107 + 0.24 15.37 8.92 16 13.91 11 51 04.93 
7 ar aller) + 0.11 2.20 8.93 16 14.04 11 51 30.61 
8 + 43.23 — 0.02 349.02 8.93 16 14.17 11 51 56.80 
9 + 12.81 — 0.14 335.84 8.93 16 14.29 IE SQ e234 7) 
10 + 12.38 — 0.27 322.67 8.93 16 14.41 11 52 50.60 
11 + 11.94 — 0.40 309.49 8.93 16 14.52 Pi SS esas 
12 + 11.50 — 0.53 296.31 8.93 16 14.63 11 53 46.10 
13 + 11.06 — 0.66 283.14 8.93 16 14.73 11 54 14.41 
14 + 10.61 — 0.78 269.96 8.93 16 14.83 11 54 43.04 
15 + 10.16 — 0.91 256.79 8.93 16 14.93 11 55 11.96 
16 + 9.71 — 1.04 243.61 8.94 16 15.02 On 5584112 
17 + 9.25 — 1.17 230.44 8.94 16 15.11 ME S6MOS1 
18 + 8.79 — 1.29 217327. 8.94 16 15.20 11 56 40.07 
19 + ~'8:32 — 1.42 204.09 8.94 16 15.28 11 57 09.76 
20 + 7.86 — 1.54 190.92 8.94 16 15.36 Pile S7a3956 
21 + 7.39 — 1.67 177.74 8.94 16 15.44 11 58 09.42 
22 +° 6.91 — 1.79 164.57 8.94 16 15.51 Pe 5823931 
23 + 6.44 — 1.92 151.40 8.94 16 15.57 11 59 09.20 
24 + 5.96 — 2.04 138.23 8.94 16 15.64 11 59 39.03 
25 + 5.48 — 2.17 125.05 8.94 16 15.69 12 00 08.79 
26 + 5.01 — 2.29 111.88 8.94 6 MiSe/5 12 00 38.44 
Pei + 4.52 — 2.41 98.71 8.94 16 15.79 12 O01 07.94 
28 + 4.04 — 2.53 85.54 8.94 16 15.84 12) 0137.26 
29 + 3.56 — 2.65 T2ASiI: 8.94 16 15.87 12 02 06.37 
30 + 3.08 — 2.77 59.19 8.94 16 15.90 12% 02035325 
31 + 2.59 — 2.89 46.02 8.94 16 15.92 12 03 03.85 
32 + 2.11 — 3.01 32.85 8.94 16 15.94 12) 03032517, 


C22 


SUN, 2009 


ICRS GEOCENTRIC RECTANGULAR COORDINATES 


Date 
Onc 


Jan. 


Feb. 


ONAN BRWNr OO 


+0.163 
+0.180 
+0.197 
+0.214 
+0.231 


+0.248 
+0.265 
+0.282 
+0.299 
+0.315 


+.0:332 
+0.348 
+0.364 
+0.381 
+0.397 


+0.413 
+0.429 
+0.444 
+0.460 
+0.475 


+0.490 
+0,506 
+0.521 
+0.535 
+0.550 


+0.564 
+0.579 
+0.593 
+0.607 
+0.620 


+0.634 
+0.647 
+0.661 
+0.673 
+0.686 


+0.699 
+0.711 
+0.723 
+0735 
+0.747 


+0.758 
+0.769 
+0.780 
+0.791 
+0.801 


+0.811 
+0.821 


x Y 

15 | +0.821 7948 | —0.502 
16 | +0.831 4965 | —0.489 
17 | +0.840 9440 | —0.476 
18 | +0.850 1344 | —0.462 
19 | +0.859 0646 | —0.448 
20 | +0.867 7319 | —0.434 
21 | +0.876 1334 | —0.420 
22 | +0.884 2664 | —0.406 
23 | +0.892 1285 | —0.392 
24 | +0.899 7169 | —0.378 
25 | +0.907 0295 | —0.363 
26 | +0.914 0639 | —0.349 
27 | +0.920 8181 | —0.334 
23) 401927 2902)| 0.319 
1 | +0.933 4784 | —0.304 

2 | +0.939 3811 | —0.289 

3 | +0.944 9970 | —0.274 

4 | +0.950 3249 | —0.259 

5 | +0.955 3636 | —0.244 

6 | +0.960 1124 | —0.229 

7 | +0.964 5704 | —0.213 

8 | +0.968 7370 | —0.198 

9 + O97256 1 Sa) O82 

10 | +0.976 1932 | —0.167 
11 | +0.979 4816 | —0.151 
12 | +0.982 4759 | —0.135 
13 | +0.985 1756 | —0.120 
14 | +0.987 5800 | —0.104 
15 | +0.989 6883 | —0.088 
16 | +0.991 4999 | —0.073 
17 | +0.993 0143 | —0.057 
18 | +0.994 2310 | —0.041 
19 | +0.995 1495 | —0.025 
20 | +0.995 7695 | —0.009 
21 | +0.996 0908 | +0.006 
22 | +0.996 1133 | +0.021 
23 | +0.995 8369 | +0 037 
24 | +0.995 2617 | +0.053 
25 | +0.994 3879 | +0.069 
26 | +0.993 2158 | +0.085 
27 | +0.991 7461 | +0.100 
28 | +0.989 9793 | +0.116 
29 | +0.987 9164 | +0.132 
30 | +0.985 5583 | +0.148 
31 | +0.982 9064 | +0.163 
1 | +0.979 9620 | +0.179 

2 | +0.976 7266 | +0.194 


6910 
4265 
0108 
4479 
7420 


8974 
9183 
8092 
5745 
2188 


7468 
1632 
4728 
6805 
7913 


8100 
7416 
5909 
3629 
0624 


6941 
2625 
7723 
2279 
6337 


9940 
3133 
5960 
8465 
0693 


2691 
4504 
6180 
7766 
0691 


9142 
T3539 
5832 
3972 
1909 


9594 
6975 
4004 
0630 
6804 


2477 
7604 


—0.217 
—0.212 
—0.206 
—0.200 
—0.194 


—0.188 
=0:182 
—0.176 
—0.170 
—0.163 


=0.157 
—0.151 
—0.145 
—0.138 
—0.132 


—O125 
—().119 
—Ont12 
—0.105 
—0.099 


—0.092 
—0.085 
—0.079 
—0.072 
—0.065 


—0.058 
—0.052 
—0.045 
—0.038 
—0.031 


—0.024 
—0.017 
—0.011 
—0.004 
+0.002 


+0.009 
+0.016 
+0.023 
+0.030 
+0.036 


+0.043 
+0.050 
+0.057 
+0.064 
+0.070 


+0.077 
+0.084 


9376 
1870 
3708 
4906 
5483 


5457 
4848 
3674 
1956 
9713 


6966 
SIH 
0045 
5913 
1362 


6413 
1088 
5409 
9396 
3069 


6450 
9557 
2410 
5027 
7428 


9631 
1654 
3517 
5239 
6839 


8338 
9756 
1113 
2430 
6272 


4971 
3647 
2278 
0842 
9318 


7682 
5914 
3991 
1891 
9594 


7079 
4326 


SUN, 2009 @e 
ICRS GEOCENTRIC RECTANGULAR COORDINATES 
ne 
Date Date 
as 
O’TT A a O°TT 5 y & 

Apr. 1] +9979 ail +0.179 2477 | +0.077 7079 May 17 | +0.563 9705 | +0.770 1579 | +0.333 8837 
2 | +0.976 7266 | +0.194 7604 | +0.084 4326 18 | +0.549 8928 | +0.778 9140 | +0.337 6804 
3 | +0.973 2020 | +0.210 2138 | +0.091 1314 19 | +0.535 6565 | +0.787 4481 | +0.341 3807 
4 | +0.969 3897 | +0.225 6033 | +0.097 8025 20 | +0.521 2655 | +0.795 7575 | +0.344 9835 
5 | +0.965 2917 | +0.240 9248 | +0.104 4441 21 | +0.506 7241 | +0.803 8397 | +0.348 4876 
6 | +0.960 9095 | +0.256 1740 | +0.111 0544 22 | +0.492 0364 | +0.811 6921 | +0.351 8920 
7 | +0.956 2451 | +0.271 3467 | +0.117 6315 23 | +0.477 2068 | +0.819 3124 | +0.355 1956 
8 | +0.951 3002 | +0.286 4388 | +0.124 1739 24 | +0.462 2398 | +0.826 6981 | +0.358 3973 
9 | +0.946 0765 | +0.301 4464 | +0.130 6797 25 | +0.447 1401 | +0.833 8469 | +0.361 4961 
10 | +0.940 5757 | +0.316 3654 | +0.137 1473 26 | +0.431 9124 | +0.840 7567 | +0.364 4912 
11 | +0.934 7995 | +0.331 1919 | +0.143 5749 27 | +0.416 5617 | +0.847 4255 | +0.367 3817 
12 | +0.928 7497 | +0.345 9218 | +0.149 9608 28 | +0.401 0928 | +0.853 8517 | +0.370 1670 
13 | +0.922 4280 | +0.360 5512 | +0.156 3033 29 | +0.385 5106 | +0.860 0335 | +0.372 8463 
14 | +0.915 8362 | +0.375 0759 | +0.162 6005 30 | +0.369 8200 | +0.865 9696 | +0.375 4191 
15 | +0.908 9762 | +0.389 4918 | +0.168 8507 31 | +0.354 0258 | +0.871 6587 | +0.377 8849 
16 | +0.901 8498 | +0.403 7950 | +0.175 0521 | June 1 | +0.338 1326 | +0.877 0997 | +0.380 2432 
17 | +0.894 4591 | +0.417 9813 | +0.181 2028 2 | +0.322 1452 | +0.882 2915 | +0.382 4936 
18 | +0.886 8062 | +0.432 0465 | +0.187 3012 3 | +0.306 0680 | +0.887 2331 | +0.384 6357 
19 | +0.878 8932 | +0.445 9866 | +0.193 3453 4 | +0.289 9056 | +0.891 9235 | +0.386 6690 
20 | +0.870 7225 | +0.459 7975 | +0.199 3333 5 | +0.273 6623 | +0.896 3617 | +0.388 5932 
21 | +0.862 2963 | +0.473 4749 | +0.205 2635 6 | +0.257 3426 | +0.900 5469 | +0.390 4078 
22 | +0.853 6173 | +0.487 0149 | +0.211 1339 7 | +0.240 9509 | +0.904 4781 | +0.392 1125 
23 | +0.844 6879 | +0.500 4132 | +0.216 9428 8 | +0.224 4915 | +0.908 1545 | +0.393 7068 
24 | +0.835 5109 | +0.513 6658 | +0.222 6884 9 | +0.207 9689 | +0.911 5751 | +0.395 1903 
25 | +0.826 0894 | +0.526 7684 | +0.228 3689 10 | +0.191 3874 | +0.914 7393 | +0.396 5627 
26 | +0.816 4262 | +0.539 7172 | +0.233 9825 11 | +0.174 7514 | +0.917 6460 | +0.397 8236 
27 | +0.806 5248 | +0.552 5081 | +0.239 5274 12 | +0.158 0654 | +0.920 2945 | +0.398 9725 
28 | +0.796 3884 | +0.565 1373 | +0.245 0021 13 | +0.141 3337 | +0.922 6840 | +0.400 0091 
29 | +0.786 0207 | +0.577 6010 | +0.250 4050 14 | +0.124 5610 | +0.924 8138 | +0.400 9331 
30 | +0.775 4253 | +0.589 8957 | +0.255 7345 15 | +0.107 7518 | +0.926 6830 | +0.401 7440 

May 1 | +0.764 6058 | +0.602 0181 | +0.260 9892 16 | +0.090 9107 | +0.928 2910 | +0.402 4416 
2 | +0.753 5660 | +0.613 9649 | +0.266 1678 17 | +0.074 0424 | +0.929 6372 | +0.403 0255 
3 | +0.742 3096 | +0.625 7331 | +0.271 2689 18 | +0.057 1515 | +0.930 7208 | +0.403 4955 
4 | +0.730 8401 | +0.637 3195 | +0.276 2914 19 | +0.040 2430 | +0.931 5414 | +0.403 8513 
5 | +0.719 1613 | +0.648 7215 | +0.281 2340 20 | +0.023 3217 | +0.932 0983 | +0.404 0926 
6 | +0.707 2767 | +0.659 9361 | +0.286 0955 21 | +0.006 3926 | +0.932 3912 | +0.404 2192 
7 | +0.695 1899 | +0.670 9606 | +0.290 8747 22 | —0.010 5390 | +0.932 4198 | +0.404 2312 
8 | +0.682 9043 | +0.681 7923 | +0.295 5705 23 | —0.027 4681 | +0.932 1839 | +0.404 1283 
9 | +0.670 4234 | +0.692 4286 | +0.300 1816 24 | —0.044 3892 | +0.931 6836 | +0.403 9107 
10 | +0.657 7508 | +0.702 8666 | +0.304 7070 25 | —0.061 2973 | +0.930 9192 | +0.403 5786 
11 | +0.644 8898 | +0.713 1037 | +0.309 1455 26 | —0.078 1870 | +0.929 8910 | +0.403 1322 
12 | +0.631 8441 | +0.723 1372 | +0.313 4958 27 | —0.095 0533 | +0.928 5998 | +0.402 5718 
13 | +0.618 6172 | +0.732 9645 | +0.317 7567 28 | —0.111 8912 | +0.927 0462 | +0.401 8977 
14 | +0.605 2127 | +0.742 5829 | +0.321 9272 29 | —0.128 6959 | +0.925 2311 | +0.401 1104 
15 | +0.591 6343 | +0.751 9897 | +0.326 0060 30 | —0.145 4627 | +0.923 1555 | +0.400 2103 
16 | +0.577 8856 | +0.761 1822 | +0.329 9919 July 1 | —0.162 1870 | +0.920 8201 | +0.399 1977 
17 | +0.563 9705 | +0.770 1579 | +0.333 8837 2 | —0.178 8641 | +0.918 2261 | +0.398 0732 


C24 SUN, 2009 
ICRS GEOCENTRIC RECTANGULAR COORDINATES 


—0.810 2349 | +0.557 3087 
—0.820 1665 | +0.544 6588 
—0.829 8640 | +0.531 8520 
—0.839 3241 | +0.518 8919 
—0.848 5436 | +0.505 7823 


—0.857 5192 | +0.492 5271 | +0.213 5247 
—0.866 2481 | +0.479 1305 | +0.207 7164 
—0.874 7276 | +0.465 5965 | +0.201 8487 
—0.882 9550 | +0.451 9294 | +0.195 9234 
—0.890 9280 | +0.438 1334 | +0.189 9424 


—0.898 6444 | +0.424 2126 | +0.183 9074 
—0.906 1020 | +0.410 1712 | +0.177 8203 
—0.913 2989 | +0.396 0133 | +0.171 6829 
—0.920 2330 | +0.381 7430 | +0.165 4968 
—0.926 9027 | +0.367 3644 | +0.159 2639 


—0.933 3060 | +0.352 8815 | +0.152 9858 
—0.939 4412 | +0.338 2984 | +0.146 6644 
—0.945 3067 | +0.323 6191 | +0.140 3012 
—0.950 9008 | +0.308 8477 | +0.133 8980 
—0.956 2219 | +0.293 9881 | +0.127 4566 


—0.961 2686 | +0.279 0443 | +0.120 9786 
—0.966 0392 | +0.264 0203 | +0.114 4657 
—0.970 5323 | +0.248 9202 | +0.107 9197 
—0.974 7463 | +0.233 7478 | +0.101 3422 
—0.978 6797 | +0.218 5073 | +0.094 7350 


—0.982 3311 | +0.203 2026 | +0.088 0998 
—0.985 6988 | +0.187 8380 | +0.081 4384 
—0.988 7815 | +0.172 4175 | +0.074 7528 
—0.991 5775 | +0.156 9454 | +0.068 0446 
—0.994 0854 | +0.141 4262 | +0.061 3159 


—0.996 3040 | +0.125 8642 | +0.054 5687 
—0.998 2317 | +0.110 2643 | +0.047 8050 
—0.999 8675 | +0.094 6310 | +0.041 0269 
—1.001 2105 | +0.078 9693 | +0.034 2365 
—1.002 2597 | +0.063 2841 | +0.027 4361 
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Aug. 


—1.003 0147 | +0.047 5803 | +0.020 6278 
—1.003 4750 | +0.031 8629 | +0.013 8138 
—1.003 6405 | +0.016 1369 | +0.006 9962 
—1.003 5111 | +0.000 4071 | +0.000 1771 
—1.003 0869 | —0.015 3217 | —0.006 6415 


—1.002 3681 | —0.031 0447 | —0.013 4574 
—1.001 3550 | —0.046 7573 | —0.020 2687 
—1.000 0480 | —0.062 4548 | —0.027 0733 
—0.998 4474 | —0.078 1326 | —0.033 8694 
—0.996 5539 | —0.093 7861 | —0.040 6550 


—0.994 3679 | —0.109 4110 | —0.047 4282 
—0.991 8901 | —0.125 0026 | —0.054 1870 
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15 | —0.800 0727 | +0.569 7982 | +0.247 0277 
16 | —0.810 2349 | +0.557 3087 | +0.241 6127 


SUN, 2009 
ICRS GEOCENTRIC RECTANGULAR COORDINATES 


Date Date 
OTT ‘i y é O'TT : 

Oct. 1 | —0.991 8901 | —0.125 0026 | —0.054 1870 Nov. 16 | —0.586 5720 
2 | —0.989 1212 | —0.140 5567 | —0.060 9296 17 | —0.572 3462 
3 | —0.986 0619 | —0.156 0688 | —0.067 6541 18 | —0.557 9443 
4 | —0.982 7129 | —0.171 5347 | —0.074 3587 19 | —0.543 3710 
5 | —0.979 0750 | —0.186 9500 | —0.081 0416 20 | —0.528 6309 
6 | —0.975 1490 | —0.202 3105 | —0.087 7008 21 | —0.513 7289 
7 | —0.970 9356 | —0.217 6118 | —0.094 3345 22 | —0.498 6697 
8 | —0.966 4355 | —0.232 8497 | —0.100 9409 23 | —0.483 4580 
9 | —0.961 6497 | —0.248 0199 | —0.107 5181 24 | —0.468 0988 
10 | —0.956 5788 | —0.263 1179 | —0.114 0641 25 | —0.452 5968 
11 | —0.951 2237 | —0.278 1393 | —0.120 5769 26 | —0.436 9570 
12 | —0.945 5854 | —0.293 0796 | —0.127 0547 27 | —0.421 1841 
13 | —0.939 6649 | —0.307 9341 | —0.133 4952 28 | —0.405 2832 
14 | —0.933 4633 | —0.322 6982 | —0.139 8965 29 | —0.389 2589 
15 | —0.926 9820 | —0.337 3670 | —0.146 2564 30 | —0.373 1162 
16 | —0.920 2224 | —0.351 9357 | —0.152 5728 Dec 1 | —0.356 8597 
17 | —0.913 1863 | —0.366 3996 | —0.158 8436 2 | —0.340 4941 
18 | —0.905 8756 | —0.380 7538 | —0.165 0667 3 | —0.324 0242 
19 | —0.898 2923 | —0.394 9936 | —0.171 2401 4 | —0.307 4545 

20 | —0.890 4387 | —0.409 1144 | —0.177 3616 5 | —0.290 7896 
21 | —0.882 3173 | —0.423 1114 | —0.183 4295 6 | —0.274 0342 
22 | —0.873 9305 | —0.436 9804 | —0.189 4416 7 | —0.257 1931 
23 | —0.865 2810 | —0.450 7168 | —0.195 3962 8 | —0.240 2709 
24 | —0.856 3715 | —0.464 3165 | —0.201 2915 9 | —0.223 2729 
25 | —0.847 2047 | —0.477 7753 | —0.207 1256 10 | —0.206 2040 
26 | —0.837 7836 | —0.491 0889 | —0.212 8968 11 | —0.189 0695 
27 | —0.828 1110 | —0.504 2536 | —0.218 6034 12 | —0.171 8748 
28 | —0.818 1898 | —0.517 2652 | —0.224 2437 13 | —0.154 6254 
29 | —0.808 0231 | —0.530 1200 | —0.229 8162 14 | —0.137 3268 
30 | —0.797 6138 | —0.542 8143 | —0.235 3191 15 | —0.119 9847 
31 | —0.786 9652 | —0.555 3442 | —0.240 7509 16 | —0.102 6047 

Nov. 1 | —0.776 0801 | —0.567 7062 | —0.246 1100 17 | —0.085 1925 
2 | —0.764 9618 | —0.579 8968 | —0.251 3950 18 | —0.067 7539 
3 | —0.753 6133 | —0.591 9125 | —0.256 6043 19 | —0.050 2946 
4 | —0.742 0376 | —0.603 7497 | —0.261 7365 20 | —0.032 8203 
5 | —0.730 2378 | —0.615 4052 | —0.266 7899 21 | —0.015 3366 
6 | —0.718 2168 | —0.626 8753 | —0.271 7631 22 | +0.002 1507 
7 | —0.705 9779 | —0.638 1565 | —0.276 6546 23 | +0.019 6360 
8 | —0.693 5241 | —0.649 2454 | —0.281 4626 24 | +0.037 1138 
9 | —0.680 8585 | —0.660 1383 | —0.286 1857 25 | +0.054 5786 
10 | —0.667 9846 | —0.670 8315 | —0.290 8222 26 | +0.072 0248 
11 | —0.654 9058 | —0.681 3214 | —0.295 3705 27 | +0.089 4472 
12 | —0.641 6258 | —0.691 6043 | —0.299 8289 28 | +0.106 8403 

13 | —0.628 1483 | —0.701 6765 | —0.304 1958 29 | +0.124 1990 
14 | —0.614 4774 | —0.711 5345 | —0.308 4697 30 | +0.141 5181 
15 | —0.600 6172 | —0.721 1747 | —0.312 6491 31 | +0.158 7927 
16 | —0.586 5720 | —0.730 5938 | —0.316 7324 32 | +0.176 0178 
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MOON, 2009 D1 
CONTENTS OF SECTION D 
PAGE 
Phases of the Moon. Perigee and Apogee D1 
Mean elements of the orbit of the Moon D2 
Mean elements of the rotation of the Moon D2 
Lengths of mean months D2 
Use of the ephemerides me sagt gse D3 
Appearance of the Moon; selenographic coordinates D4 
Formulae for libration ‘ ot See D5 
Ecliptic and equatorial coordinates of the Moon—daily ephemeris Oe D6 
Physical ephemeris of the Moon—daily ephemeris : : D7 
Low-precision formulae for geocentric and topocentric coordinates of the Moon D22 
See also 
Occultations by the Moon ... Www, A2 
Moonrise and moonset  toncw TAS 
Eclipses of the Moon A82 
Physical and photometric data ah ale er E4 
Lunar polynomial coefficients for R.A., ‘Dec. “and H. P—daily, ephemeris Siac iors teams Ww 
This symbol indicates that these data or auxiliary mater- 
ial may be found on The Astronomical Almanac Online 
at http://asa.usno.navy.mil and http://asa.hmnao.com 
NOTE: All the times on this page are expressed in Universal Time (UT1). 
PHASES OF THE MOON 
Lunation New Moon First Quarter Full Moon Last Quarter 
dy hm dehy em Gl | si Gl daa 
1064 Jane. 4 116 an. yls03.927, Jan 18 02846 
1065 Jandin2ow07 55 Feb. 2.23135 sheds § 9 Id 40) Seb al Oe 137 
1066 Feb. 25 01 35 Mar. 407 46 Mar. 11 02 38 Mar. 18 17 47 
1067 Mar. 26 16 06 Apr. 2 14 34 Apr. 9 1456 Apr. 17 13 36 
1068 Apr. 25 03 23 May 12044 May 90401 May 17 07 26 
1069 May 24 12 11° May 3103 22 June 7 18 12 June 15 22 15 
1070 June” 22>19°35. June 29 11 23° Duly) 7°09 2 July” 15.093 
1071 July 22802 35) yduly— 28:22; 009 sAugign6,00 55 Aug. 13 18 55 
1072 Aug. 20 10 02 Aug. 27 11 42 Sept. 41603 Sept. 12 02 16 
1073 Sept. 18 18 44 Sept. 26 04°50' Oct. 4 06 10° Oct. 11 08 56 
1074 Oct il 8x05 33%, Oct. 9:26, 00542),. Nov Walon. NOV 915.56 
1075 Nova 16) 19)-14eiNoven24/21..39~ -Dec., «2.074304, -Dece 900 le 
1076 Decxmicgni2. 02. Dec, 24 17 36° Dec; 31 19 13 
MOON AT PERIGEE MOON AT APOGEE 


id hb 


de th d oh dh d Uh dy oh 
Jan. 1011 May 26 04 Oct. 13 12 Jan. 23 00 June 1016 Oct. 25 23 
Feb. 720 June 23 11 Nov. 7 07 Feb. 19 17. July 7 22 Nov. 22 20 
Mar. 715 July 21 20 Dec. 4 14 Mar. 19 13. Aug. 401 Dec. 20 15 


Apr. 202 Aug. 19 05 Apr. 16 09 Aug. 31 11 
Apr. 28 06 Sept. 16 08 May 14 03 Sept. 28 04 


D2 MOON, 2009 
NOTES AND FORMULAE 


Mean elements of the orbit of the Moon 


The following expressions for the mean elements of the Moon are based on the fundamental 
arguments developed by Simon ef al. (Astron. & Astrophys., 282, 663, 1994). The angular 
elements are referred to the mean equinox and ecliptic of date. The time argument (d) is the 
interval in days from 2009 January 0 at 0" TT. These expressions are intended for use during 
2009 only. 


d = JD — 245 4831-5 = day of year (from B4—B5) + fraction of day from 0" TT 


Mean longitude of the Moon, measured in the ecliptic to the mean ascending node and then 


along the mean orbit: 
L' = 322°543 644 + 13-176 396 47d 


Mean longitude of the lunar perigee, measured as for L’: 
I’ = 89°480 834 + 0-111 403 47d 
Mean longitude of the mean ascending node of the lunar orbit on the ecliptic: 
2 = 311°012 024 — 0-052 953 75d 
Mean elongation of the Moon from the Sun: 
D=L' — L = 422747 150 + 12-190 749 11d 
Mean inclination of the lunar orbit to the ecliptic: 5°156 6898. 


Mean elements of the rotation of the Moon 


The following expressions give the mean elements of the mean equator of the Moon, referred 
to the true equator of the Earth, during 2009 to a precision of about 0°001; the time-argument 
d is as defined above for the orbital elements. 


Inclination of the mean equator of the Moon to the true equator of the Earth: 
i = 2224554 + 0-001 134d + 0-000 000 317d? 


Arc of the mean equator of the Moon from its ascending node on the true equator of the Earth 
to its ascending node on the ecliptic of date: 


A = 128°2089 -- 0-055 082d + 0-000 001 477 d? 


Arc of the true equator of the Earth from the true equinox of date to the ascending node of 
the mean equator of the Moon: 


92' = +3°0479 + 0-002 326d — 0-000 001 592 d? 
The inclination (/) of the mean lunar equator to the ecliptic: 1° 32’ 336 
The ascending node of the mean lunar equator on the ecliptic is at the descending node of the 
mean lunar orbit on the ecliptic, that is at longitude 2 + 180°. 
Lengths of mean months 


The lengths of the mean months at 2009-0, as derived from the mean orbital elements are: 
m Ss 


synodic month (new moon to new moon) 29-530589 29 12 44 02-9 
tropical month (equinox to equinox) 27-321 582 27 07 43 04-7 
sidereal month (fixed star to fixed star) 27-321 662 °°27 07-43 t1°6 
anomalistic month (perigee to perigee) 27-554 550 27 13 18 33-1 


draconic month (node to node) 27-212 221. S27 OdsvOS 35-9 


MOON, 2009 D3 


NOTES AND FORMULAE 


Geocentric coordinates 


The apparent longitude (A) and latitude (8) of the Moon given on pages D6—D20 are 
referred to the ecliptic of date: the apparent right ascension (@) and declination (5) are referred 
to the true equator of date. These coordinates are primarily intended for planning purposes. 
The true distance (r) is expressed in Earth-radii. 


The maximum errors which may result if Bessel’s second-order interpolation formula is 

used are as follows: 
Xr B a 6 r I Ss 
+0°02 +0°02 +2°4 +24” +0-002 +007 +002 
More precise values of right ascension, declination and horizontal parallax may be obtained 
by using the polynomial coefficients given on AsA-Online. Precise values of true distance and 
semi-diameter may be obtained from the parallax using: 
r = 6 378-1366/ sinz km sins = 0-272 399 sin x 


The tabulated values are all referred to the centre of the Earth, and may differ from the 
topocentric values by up to about | degree in angle and 2 per cent in distance. 


Time of transit of the Moon 


The TT of upper (or lower) transit of the Moon over a local meridian may be obtained 
by interpolation in the tabulation of the time of upper (or lower) transit over the ephemeris 
meridian given on pages D6—D20, where the first differences are about 25 hours. The 
interpolation factor p is given by: 

pi SS) 427002 T380AT 
where A is the east longitude and the right-hand side is expressed in days. (Divide longitude 
in degrees by 360 and AT in seconds by 86 400). During 2009 it is expected that AT will be 
about 66 seconds, so that the second term is about +0-000 76 days. In general, second-order 
differences are sufficient to give times to a few seconds, but higher-order differences must be 
taken into account if a precision of better than 1 second is required. The UT1 of transit is 
obtained by subtracting AT from the TT of transit, which is obtained by interpolation. 


Topocentric coordinates 


The topocentric equatorial rectangular coordinates of the Moon (x’, y’, z’), referred to the 
true equinox of date, are equal to the geocentric equatorial rectangular coordinates of the Moon 
minus the geocentric equatorial rectangular coordinates of the observer. Hence, the topocentric 
right ascension (a’), declination (6’) and distance (r’) of the Moon may be calculated from 
the formulae: 

x’ =r’ cosd’ cosa’ =r cosd cosa — p cos’ cos 4% 

y’ =r’ cos’ sina’ =r cosé sina — p cos¢’ sin O% 

ZF Sih oe == 77\sitr 0 —p sing’ 
where Oo is the local apparent sidereal time (see B11) and p and ¢’ are the geocentric distance 
and latitude of the observer. 


Then V? = A en = tat Ve dal sin !(z’/r’) 


The topocentric hour angle (h’) may be calculated from h’ = 6 — a’. 


Physical ephemeris 
See page D4 for notes on the physical ephemeris of the Moon on pages D7-D21. 


D4 MOON, 2009 
NOTES AND FORMULAE 


Appearance of the Moon 


The quantities tabulated in the ephemeris for physical observations of the Moon on odd 
pages D7—D21 represent the geocentric aspect and illumination of the Moon’s disk. For most 
purposes it is sufficient to regard the instant of tabulation as 0" universal time. The fraction 
illuminated (or phase) is the ratio of the illuminated area to the total area of the lunar disk; it 
is also the fraction of the diameter illuminated perpendicular to the line of cusps. This quantity 
indicates the general aspect of the Moon, while the precise times of the four principal phases 
are given on pages Al and D1; they are the times when the apparent longitudes of the Moon 
and Sun differ by 0°, 90°, 180° and 270°. 


The position angle of the bright limb is measured anticlockwise around the disk from the 
north point (of the hour circle through the centre of the apparent disk) to the midpoint of the 
bright limb. Before full moon the morning terminator is visible and the position angle of the 
northern cusp is 90° greater than the position angle of the bright limb; after full moon the 
evening terminator is visible and the position angle of the northern cusp is 90° less than the 
position angle of the bright limb. 


The brightness of the Moon is determined largely by the fraction illuminated, but it also 
depends on the distance of the Moon, on the nature of the part of the lunar surface that is 
illuminated, and on other factors. The integrated visual magnitude of the full Moon at mean 
distance is about —12-7. The crescent Moon is not normally visible to the naked eye when 
the phase is less than 0-01, but much depends on the conditions of observation. 


Selenographic coordinates 


The positions of points on the Moon’s surface are specified by a system of selenographic 
coordinates, in which latitude is measured positively to the north from the equator of the 
pole of rotation, and longitude is measured positively to the east on the selenocentric celestial 
sphere from the lunar meridian through the mean centre of the apparent disk. Selenographic 
longitudes are measured positive to the west (towards Mare Crisium) on the apparent disk; this 
sign convention implies that the longitudes of the Sun and of the terminators are decreasing 
functions of time, and so for some purposes it is convenient to use colongitude which is 90° 
(or 450°) minus longitude. 


The tabulated values of the Earth’s selenographic longitude and latitude specify the sub- 
terrestrial point on the Moon’s surface (that is, the centre of the apparent disk). The position 
angle of the axis of rotation is measured anticlockwise from the north point, and specifies the 
orientation of the lunar meridian through the sub-terrestrial point, which is the pole of the 
great circle that corresponds to the limb of the Moon. 


The tabulated values of the Sun’s selenographic colongitude and latitude specify the sub- 
solar point of the Moon’s surface (that is at the pole of the great circle that bounds the 
illuminated hemisphere). The following relations hold approximately: 


longitude of morning terminator = 360° — colongitude of Sun 
longitude of evening terminator = 180° (or 540°) — colongitude of Sun 


The altitude (a) of the Sun above the lunar horizon at a point at selenographic longitude 
and latitude (/, b) may be calculated from: 


sina = sin bo sinb + cos bo cos b sin (co + 1) 


where (co, bo) are the Sun’s colongitude and latitude at the time. 


MOON, 2009 D5 


NOTES AND FORMULAE 


Librations of the Moon 


On average the same hemisphere of the Moon is always turned to the Earth but there is a 
periodic oscillation or libration of the apparent position of the lunar surface that allows about 
59 per cent of the surface to be seen from the Earth. The libration is due partly to a physical 
libration, which is an oscillation of the actual rotational motion about its mean rotation, but 
mainly to the much larger geocentric optical libration, which results from the non-uniformity 
of the revolution of the Moon around the centre of the Earth. Both of these effects are taken 
into account in the computation of the Earth’s selenographic longitude (J) and latitude (b) 
and of the position angle (C) of the axis of rotation. The contributions due to the physical 
libration are tabulated separately. There is a further contribution to the optical libration due to 
the difference between the viewpoints of the observer on the surface of the Earth and of the 
hypothetical observer at the centre of the Earth. These topocentric optical librations may be 
as much as 1° and have important effects on the apparent contour of the limb. 


When the libration in longitude, that is the selenographic longitude of the Earth, is positive 
the mean centre of the disk is displaced eastwards on the celestial sphere, exposing to view a 
region on the west limb. When the libration in latitude, or selenographic latitude of the Earth, 
is positive the mean centre of the disk is displaced towards the south, and a region on the 
north limb is exposed to view. In a similar way the selenographic coordinates of the Sun show 
which regions of the lunar surface are illuminated. 


Differential corrections to be applied to the tabular geocentric librations to form the 
topocentric librations may be computed from the following formulae: 
Al = —x’ sin(Q —C) secb 
Ab = +2’ cos(Q — C) 
AC =+sin(b + Ab) Al — x’ sin Q tané 
where Q is the geocentric parallactic angle of the Moon and 7’ is the topocentric horizontal 


parallax. The latter is obtained from the geocentric horizontal parallax (7), which is tabulated 
on even pages D6—D20 by using: 


x’ =x (sinz + 0-0084 sin 2z) 
where z is the geocentric zenith distance of the Moon. The values of z and Q may be 
calculated from the geocentric right ascension (~) and declination (6) of the Moon by using: 
sinz sin Q =cos@ sinh 
sinz cos Q = cos6 sing — sind cos¢@ cosh 
cosz = sind sing + cosé cos@ cosh 
where ¢ is the geocentric latitude of the observer and h is the local hour angle of the Moon, 


given by: 
h = local apparent sidereal time — a 


Second differences must be taken into account in the interpolation of the tabular geocentric 
librations to the time of observation. 
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MOON, 2009 


FOR 0° TERRESTRIAL TIME 


Apparent 


R.A. 


True 
Dist. 


62-847 
62-359 
61-757 
61-046 
60-239 


59-368 
58-478 
57-631 
56-901 
56-363 


56-082 
56-097 
56-415 
57-009 
57-818 


58-764 
59-763 
60-738 
61-623 
62-372 


62-956 
63-364 
63-599 
63-673 
63-608 


63-426 
63-149 
62-794 
62-376 
61-900 


61-371 
60-790 
60-161 
59-494 
58-812 


58-147 
57-547 
57-067 
56-762 
56.679 


56-847 
57-266 
57-907 
58-716 
59-623 


60-552 
61-432 


Horiz. 
Parallax 


Semi- 
diameter 


16 
16 
16 
16 
16 


16 
16 
16 
15 
15 


3) 
15 


54-03 
01-02 
09-80 
20-40 
32-72 


46-42 
00-82 
14.94 
27-44 
36-86 


41-87 
41-60 
35-95 
25:58 
11-79 


56-14 
40-15 
25-07 
11-78 
00-83 


52-47 
46-73 
43-45 
42-42 
43-32 


45-86 
49.75 
54-77 
00-78 
07-69 


15-52 
24.27 
33-94 
44.41 
55-37 


06-28 
16:36 
24-58 
29:87 
31-31 


28-38 
21-15 
10-29 
56-93 
42.37 


27-90 
14-61 


Ephemeris Transit 
for date 


Upper 


h 
15-1072 
15-8117 
16-5139 
17-2333 
17-9922 


18-8142 
19-7200 
20-7194 
21-7982 
22-9128 


00-0036 
01-0245 
01-9584 
02-8131 


03-6088 
04-3687 
05-1147 
05-8653 
06-6347 


07-4309 
08-2540 
09-0958 
09-9412 
10-7730 


11-5776 
12.3484 
13-0873 
13-8024 
14-5072 


15-2183 
15-9550 
16-7378 
17-5863 
18-5143 


19.5206 
20-5816 
21-6531 
22-6885 
23-6581 


00-5561 
01-3935 
02-1891 
02-9632 


03-7341 
04-5163 


Lower 


h 
02-7487 
03-4608 
04-1619 
04-8701 
05-6063 


06-3939 
07-2556 
08-2082 
09-2510 
10-3547 


11-4647 
12-5246 
13-5022 
14-3945 
15-2169 


15-9918 
16-7422 
17-4884 
18-2470 
19-0292 


19-8394 
20-6734 
21-5191 
22-3598 
23-1793 


23-9673 
00-7215 
01-4471 
02-1551 


02-8608 
03-5822 
04.3393 
05-1527 
06-0400 


07-0086 
08-0467 
09-1192 
10-1777 
11-1824 


12-1156 
12-9813 
13-7952 
14.5776 
15-3480 


16-1230 
16-9147 


Date 
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MOON, 2009 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° TERRESTRIAL TIME 


The Earth’s 
Selenographic 
Long. Lat. 
—4.972 —0-873 
—6:029 —2-270 
—6:874 —3-584 
—7-442 —4.751 
—7:667  —5-707 
—7-492 —6-386 
—6:879 —6-722 
—5-822 -—6-662 
—4:360 —6-172 
= 2-979) = 5295 
—0-606 —3-957 
+1-401 —2-371 
+3-283 —0-625 
+4900 +1-138 
+6:152) +2-787 
+6:979 +4.221 
+ 7:369" GES:371 
+7:330 +6-201 
+6:916 +6-699 
+6:181 +6-870 
+5:192  +6-728 
+4014 +6-296 
+2:714 +5-598 
+1:351  +4-667 
— 0-023" + 3:538 
SOOO 2259 
—2-617 +0-862 
—3-760 —0-579 
—4-753 —2-010 
—5:564 —3-364 
—6:162 —4-576 
= 6:51.77 = S-980 
—6-600 —6-314 
—6-387 —6-723 
—5-864 —6-764 
—5-031 —6-407 
—3.:906 —5-649 
—2:534 —4.516 
—0-985 —3-068 
+0-649 —1-402 
+2-256 +0:358 
+3:724 +2-080 
+4947 +3-640 
+5-839 +4-94] 
+6-:346 +5-922 
+6447 +6-554 


+6-154 


Lg. 


Physical 
Libration 


Lt. 


(0°001) 


t+ F+tHHt HHH HHHHH FHHHH HEHEHE FHttt HHH FH+FFH+ $4444 


50 
50 
49 
48 
47 


46 
44 
43 
42 
4] 


40 
40 
40 
40 
40 


40 
41 
42 
43 
44 


44 
45 
46 
46 
47 


47 
47 
47 
46 
46 


45 
44 
43 


P.A. 
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The Sun’s 
Selenographic 
Colong. Lat. 
312:97 —0-85 
325-14 —0-82 
337-32 —0-80 
349-49 —0-77 
L655 = 0-713 
13-81 —0-70 
25-95 = 0-67, 
38:09 —0-63 
50:23 —0-59 
62:36 —0-56 
74-48 —0-52 
86:61 —0-48 
98-73 — 0.45 
110-86 —0-41 
122.98 —0-38 
135-12 —0-35 
147-26 —0-33 
159-41 —0-30 
171-56 —0-28 
183-72 —0-26 
195-88 —0-25 
208-06 —0-23 
220-24 —0-21 
232-42 —0-20 
244.60 —0-18 
256:79 —0-16 
268:98 —0-14 
281-17 —0-11 
293-3] &= 0-09 
305-55 —0-06 
317-74 —0-03 
329-92 0-00 
342:10 +0-03 
354:27 +0-07 
6-43 +0-10 
18:59 +0-14 
30:74 +0-18 
42:88 + 0-22 
55:02 + 0-26 
67:15 + 0-30 
79:28 + 0-34 
91-42 +0-38 
103-55 + 0-42 
115-68 + 0-45 
127-82 +0-48 
139:97 +0-50 
152:12 + 0-52 


Position Angle 


Axis 


343-847 
341-057 
339-018 
337-785 
337-449 


338-153 
340-075 
343-377 
348-088 
353-958 


0-402 
6-670 
12-140 
16-488 
19-638 


21-634 
22-543 
22-410 
21-261 
19-116 


16-023 
12-088 
7-501 
2-533 
357-500 


352-701 
348-370 
344-660 
341-657 
339-410 


337-970 
337-409 
337-835 
339-388 
342-204 


346-337 
351-651 
357-742 
3-988 
9-758 


14.608 
18-333 
20-893 
22-311 
22-620 


21-842 
20-004 


Bright 
Limb 


D7 


Frac- 
tion 
Illum. 


0-106 
0-173 
0-254 
0-347 
0-448 


0-555 
0-663 
0-766 
0-857 
0-931 


0:979 
0-999 
0-989 
0-950 
0-887 


0-806 
0-713 
0-614 
0-513 
0-414 


0-321 
0-236 
0-161 
0-098 
0-049 


0-016 
0-001 
0-004 
0-026 
0-068 


0-127 
0-203 
0-294 
0-396 
0-505 


0-616 
0.724 
0-823 
0-904 
0-963 


0-995 
0:998 
0-973 
0-925 
0-857 


0-775 
0-684 


D8 


Date 


0° TT 


Feb. 15 


Mar. 


Apparent 


Long. 


214-85 
227.34 
239-54 
251-53 
263-39 


275-19 
287-02 
298-94 
311-01 
323-26 


335-74 
348-46 
1-41 
14-59 
27-99 


41-59 
55-37 
69-32 
83-41 
97-64 


111-96 
126-34 
140.71 
154.99 
169-12 


182-99 
196-56 
209-79 
222-65 
235-19 


247-43 
259-45 
271-32 
283-13 
294.97 


306-93 
319-08 
331-49 
344.19 
357-21 


10-55 
24-16 
38-00 
52-01 
66-11 


80-26 
94.41 


Lat. 
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MOON, 2009 


FOR 0° TERRESTRIAL TIME 


Apparent 


R.A. Dec. 


58 34-72 + 4 20 


29 46:96 +20 14 


True 
Dist. 


61-432 
62-201 
62-813 
63-241 
63-472 


63-511 
63-375 
63-092 
62-695 
62.220 


61-700 
61-163 
60-631 
60-116 
59-626 


59-163 
58-730 
58-335 
57-994 
57-730 


57-573 
57-554 
57-698 
58-019 
58-512 


59-151 
59-893 
60-682 
61-458 
62-159 


62-735 
63-142 
63-357 
63-368 
63-181 


62-818 
62:310 
61-702 
61-042 
60-379 


59-757 
59.212 
58-765 
58-427 
58-195 


58-061 
58-013 


Horiz. 
Parallax 


57:76 
16-25 
43.92 
21-73 
09-85 


07:85 
14-79 
29.39 
50-09 
15-23 


43-19 
12-53 
42-13 
11-25 
39-47 


06:57 
32:27 
56-04 
16-84 
33-11 


42-85 
44.04 
35-06 
15-27 
45-35 


07-27 
24-06 
39.25 
56:35 
18-46 


48-04 
26-80 
15-73 
15-16 
24-78 


43-69 
10-43 
43-05 
19-20 
56-32 


31:87 
03-68 
30:16 
50:49 
04:55 


12-75 
15.66 


Semi- 
diameter 


16 
16 


16 
16 


14-61 
03-31 
54-50 
48-46 
45.22 


44-68 
46-57 
50-55 
56-18 
03-03 


10-65 
18-64 
26-70 
34-63 
42.32 


49.70 
56-70 
03-17 
08-84 
13-27 


15-92 
16-24 
13-80 
08-41 
00-26 


49.89 
38-12 
25-91 
14-23 
03-91 


55-62 
49.84 
46-82 
46-67 
49.29 


54.44 
01-72 
10-61 
20-45 
30-56 


40-25 
48-91 
56-12 
01-66 
05-49 


07:72 
08-52 


Ephemeris Transit 
for date 


Upper 


h 
04-5163 
05-3189 
06-1442 
06-9867 
07-8344 


08-6721 
09-4869 
10-2714 
11-0256 
11-7558 


12-4733 
13-1928 
13-9314 
14-7073 
15-5377 


16-4352 
17-4010 
18-4188 
19-4549 
20-4698 


21-4341 
22-3373 
23-1852 
23-9926 


00-7778 
01-5584 
02-3488 
03-1586 
03-9906 


04-8399 
05-6949 
06-5407 
07-3640 
08-1572 


08-9196 
09-6572 
10-3810 
11-1053 
11-8471 


12-6242 
13-4540 
14.3489 
15.3109 
16-3244 


17-3565 
18-3679 


Lower 


h 
16-9147 
17-7289 
18-5640 
19-4108 
20-2554 


21-0830 
21-8831 
22-6520 
23-3931 


00-1153 
00-8318 
01-5586 
02-3135 
03-1147 


03-9776 
04-9101 
05-9052 
06-9371 
07-9672 


08-9594 
09-8933 
10-7674 
11-5928 
12-3868 


13-1677 
13-9516 
14-7509 
15-5720 
16-4137 


17-2676 
18-1198 
18-9558 
19-7646 
20-5420 


21-2909 
22-0200 
22-7421 
23-4729 


00-2301 
01-0316 
01-8928 
02-8221 
03-8129 


04-8406 
05-8670 


Date 


Feb. 


Apr. 


15 


27 
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MOON, 2009 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° TERRESTRIAL TIME 


The Earth’s 
Selenographic 


Long. 


+ 6-154 
+ 5-506 
+4-561 
+ 3-392 
+2:077 


+ 0-697 
— 0-672 
E959 
— 3-104 
— 4.057 


— 4-783 
—5-261 
— 5-485 
—5-461 
— 5-208 


— 4.748 
— 4-106 
— 3-308 
=2-377 
— 1-337 


—0-216 
+ 0-947 
+2:-102 
+ 3-182 
+4-113 


+4-819 
+5:-235 
+5:314 
+ 5-041 
+ 4-428 


+3-515 
+ 2-365 
+ 1-056 
— 0-325 
— 1-686 


43.937 
— 3.997 
~4.797 
A529 
— 5.444 


= 5-272 
— 4-805 
— 4.102 
— 3-236 
=2-279 


— 1-297 
— 0-333 


Lat. 


Lg. 


— 22 
= 
—"24 
5 
20 


— 28 
—29) 
= 3 
= 32 
= 38 


— 4 
= "39 
= She 
= iil 
—— oi 


= SY 
= oil 
— $37 
= 36 
<3) 


—*33 
=m32 
== soil 
— 30 
oo 


— 28 
= 28 
— 28 
= Ks 
— 29 


30) 
il 
— 2 
= 333 
— 34 


= 43D 
— 36 
= 37 
— 38 
= 38 


= 139 
= *39 
— "39 
=— #39 
—3)/ 


== *36 
= 35 


Physical 
Libration 


Le 


(0°001) 


HF tEPLE FPEEEHE FPS PEPE HE FHPFE EHEEE FHP SHE FECEE HEEL 


41 
41 
42 
43 
43 


43 
43 
43 
43 
43 


42 
42 
41 
40 
39 


38 
38 
oT) 
ST. 
aul 


SH) 
37 
37 
38 
38 


39 
39 
39 
40 
40 


41 
41 
41 
41 
4) 


41 
4] 
40 
39 
38 


38 
37 
36 
35) 
34 


34 
34 


P.A. 


FP PH EH SHES H FHP HE HHS HSH HH HHH \ HHH eS Hep HEP HH FH EHH 


2 
19 
18 
16 
15 


14 
13 
12 
12 
12 


1p) 
13 
14 
15 
7, 


18 
19 
20 
21 
21 


22 
22 
22 
oS 
22 


22 
22 
21 
20 
19 


17 
16 
15 
14 
13 


13 
13 
13 
14 
15 


16 
17 
19 
20 
py)| 


PA 
Hips 


The Sun’s 
Selenographic 


Colong. 


° 


152-12 
164-28 
176-44 
188-61 
200:79 


212-97 
225-16 
237-35 
249-55 
261-75 


273-95 
286-15 
298-35 
310-55 
322-75 


334.94 
347-12 
359.30 
11-47 
23-64 


35-80 
47-95 
60-10 
72:25 
84.39 


96-54 
108-68 
120-84 
132-99 
145-15 


157-32 
169-50 
181-68 
193-86 
206-06 


218-26 
230-46 
242-67 
254-88 
267-10 


279-32 
291-53 
303-75 
315-96 
328-17 


340-37 
352-57 


Lat. 


+ 0:52 
+ 0:54 
+ 0:56 
+ 0-58 
+ 0-59 


+ 0-61 
+ 0-62 
+ 0-63 
+ 0-65 
+ 0-67 


+ 0-69 
+ 0-71 
+ 0-73 
+ 0-75 
+ 0-78 


+ 0-81 
+ 0-84 
+ 0-87 
+ 0-90 
+ 0-93 


+ 0-97 
+ 1-00 
+ 1-04 
+ 1-07 
+ 1-10 


ap loi ls) 
ae lialis 
+ 1-18 
ap es) 
+ 1-21 


Beg 9) 
He 193 
if 693 
if 1604 
+ 1.24 


ap tls 
+ 1-25 
+ 1-26 
+ 1-27 
+ 1-28 


+ 1.29 
+ 1.30 
+131 
1°32 
+ 1.34 


+ 1-36 
+ 1-38 


Position Angle 


Bright 

Axis Limb 
20-004 112-16 
17-159 107-83 
13-416 102-75 
8-962 97-15 
4-057 91-35 


359-007 —- 85-73 
354-110 80-70 
349-612 76-71 
345-686 74-51 
342-438 76-78 


339-937 
338-243 
337-432 
337-609 
338-901 


341-426 
345-228 
350-191 
355-977 

2-053 274-46 


7:846 280-38 
12-908 
16-985 
19-979 
21-869 


22-652 
22-324 
20-886 
18-371 
14-876 


10-581 
5:748 = 95.23 
0-687 89-26 

355-708 83-76 
351-067 79-01 


346-945 75-32 
343-460 72-98 
340-686 = 72-53 
338-693 = 75-57 
337:563 91-48 


337-413 
338-386 
340-618 
344-173 
348-951 


354-622 
0-658 271-57 


D9 


Frac- 
tion 
Tlum. 


0-684 
0-589 
0-492 
0-397 
0-307 


0-224 
0-150 
0-089 
0-042 
0-012 


0-000 
0-010 
0-041 
0-093 
0-164 


0-252 
0-354 
0-464 
0-578 
0-689 


0-790 
0-877 
0-942 
0-984 
0-999 


0-989 
0-955 
0-902 
0-833 
0-753 


0-664 
0-571 
0-477 
0-384 
0-294 


0-211 
0-137 
0-077 
0-032 
0-006 


0-003 
0-023 
0-067 
0-134 
0-220 


0-321 
0-432 


D10 


Date 
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Na 


Apparent 
Long. Lat. 
80:26 +3-70 
94-41 +42-73 

108-53 +1-61 
122-60 +0-38 
136-62 —0-86 
150-56 —2-04 
164-39 —3-08 
178-08 —3-94 
191-59 —4-56 
204-87 —4-92 
217-88 —5-02 
230-62 —4-86 
243-07 —4.47 
255-28 —3-88 
26728 —=3-13 
279-15 —2-24 
290:96 —1-27 
302-80 —0-23 
314-77 +0-82 
326:95 +1-86 
339-42 +2-82 
352:25  +3-68 
5:47 +4.36 
19:08 +4-82 
33-06 +5-00 
47:33, +4-88 
61:78 +4-45 
76:31 +3-73 
90:81 +2:77 
105:21 +1-63 
119-44 +0-41 
133-49 —0-83 
147-35 —2-00 
161-02 —3-04 
17450 —3-89 
187-81 —4-52 
200-93 —4-90 
213-85 —=5:02 
226:56 —4-88 
239-05 —4-52 
251:34 —3-94 
263-43 —3-20 
DISS] 2:32 
287-20 —1-35 
299:00 —0-32 
310-83 +0-73 
322:78 -+1-76 
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MOON, 2009 


FOR 0" TERRESTRIAL TIME 


Apparent 


R.A. Dec. 


True 
Dist. 


58-061 
58-013 
58-044 
58-150 
58-333 


58-601 
58-960 
59-410 
59.943 
60-541 


61-173 
61-799 
62-374 
62-852 
63-193 


63-363 
63-340 
63-117 
62-701 
62-116 


61-402 
60-609 
59-798 
59-033 
58-373 


57-864 
57-535 
57-396 
57-434 
57-624 


57-931 
58-323 
58-770 
59-252 
59-755 


60-273 
60-801 
61-330 
61-850 
62.342 


62-781 
63-138 
63-382 
63-484 
63-417 


63-167 
62-730 


Horiz. 
Parallax 


Semi- 
diameter 


16 07:72 
16 08-52 
16 08-00 
16 06-24 
16 03-20 


15 58-79 
15152 -OF7, 
15 45-75 
15 37-33 
15 28-08 


15 18-49 
15 09-19 
15 00-81 
14 53-95 
14 49.12 


14 46.74 
14 47-06 
14 50-20 
14 56-10 
15 04-54 


15 15-07 
15 27-04 
15 39-60 
15 51-78 
16 02-55 


16 11-02 
16 16:56 
16 18-93 
16 18-28 
16 15-06 


16 09-88 
16 03-37 
15 56-04 
15 48-27 
15 40-28 


15 32-20 
15 24-11 
15 16-13 
15 08-43 
15 01-27 


14 54-96 
14 49.90 
14 46-47 
14 45-06 
14 45.98 


14 49.49 
14 55-70 


Ephemeris Transit 
for date 


Upper 


h 
17-3565 
18-3679 
19-3286 
20-2272 
21-0687 


21-8680 
22-6436 
23-4138 


00-1944 
00-9968 
01-8255 
02-6769 


03-5392 
04-3958 


05-2305 
06-0331 
06-8011 
07-5395 
08-2593 


08-9754 
09-7053 
10-4684 
11-2844 
12-1701 


13-1321 
14-1592 
15-2179 
16-2621 
17-2529 


18-1727 
19-0243 
19-8234 
20-5901 
21-3450 


22-1064 
22-8887 
23-7000 


00-5403 
01-4002 
02-2629 
03-1092 


03-9241 
04-7012 


05-4424 
06-1571 


Lower 


h 
04-8406 
05-8670 
06-8557 
07-7856 
08-6543 


09-4725 
10-2576 
11-0283 
11-8019 
12-5924 


13-4079 
14-2490 
15-1077 
15-9693 
16-8167 


17-6362 
18-4213 
19-1734 
19-9009 
20-6168 


21-3374 
22-0814 
22.8686 
23-7178 


00-6417 
01-6391 
02-6874 
03-7447 
04-7658 


05-7219 
06-6062 
07-4292 
08-2095 
08-9678 


09.7239 
10-4943 
11-2905 
12-1169 
12-9688 


13-8324 
14-6892 
15-5212 
16-3175 
17-0758 


17-8023 
18-5087 


Date 


0° TE 


Apr. 


May 
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MOON, 2009 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° TERRESTRIAL TIME 


The Earth’s 
Selenographic 


Long. 


— 1-297 
— 0-333 
+ 0-587 
+ 1-451 
+ 2-254 


+ 2.986 
+ 3-628 
+4-145 
+4.494 
+4-626 


+ 4-499 
+4-090 
+3-395 
+ 2-436 
+ 1-262 


— 0-063 
— 1.454 
— 2-821 
— 4.065 
=5-093 


—5-817 
—6-171 
— 6-115 
— 5-648 
— 4.809 


— 3-681 
— 2-374 
— 1-006 
+ 0-316 
+1-512 


+2:537 
+ 3-373 
+ 4-024 
+4-500 
+ 4.809 


+ 4.953 
+4-922 
+4-698 
+4-266 
+3-611 


+ 2-735 
+ 1-654 
+ 0-403 
— 0-964 
=2':379 


— 3-758 
— 5-010 


Lat. 


Lg. 
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=07 
=88 
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L095 
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= 8b) 
P55 
3) 
—*55 
— 34 
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anh) 
ae 
"30 
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——26 
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— 20 
— 20) 
—=—120 
= 
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22 
ee 
— 24 
= 125 
=25 


26 
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Physical 
Libration 


Lt 


(0°001) 


t+ HHttH FHHHH FHEHHEH FHE+HH FHE+HH HEHEHE FHHFGEH FH+EHH +4444 


34 
34 
34 
35 
35 


36 
36 
37 
38 
38 


39 
39 
40 
40 
40 


40 
40 
40 
39 
39 


38 
37 
36 
B5 
34 


33 
32 
31 
31 
31 


31 
32 


39 


P.A. 


++ FH+HtH HH++H+ FHFHH FHEHFEHE FHEFHH HHEFHH H+EFtt +H 444+ FHHHH 


2M 
22 
71 
22 
22 


to) 
zz 


22 
22 
Aa 
20 


19 
19 
18 
17 
16 


15 
15 
14 
14 
14 


15 
16 
17 
18 
i) 


pus 
22 
22 
23 
23 


23 
23 
23 
25 
Mp) 


21 
21 
20 
19 
18 


17 
16 
16 
15 
15 


15 
15 


The Sun’s 
Selenographic 


Colong. 


340.37 
352-57 
4-76 
16-94 
29-12 


41-29 
53-46 
65-62 
77-79 
89-95 


102-11 
114-28 
126-45 
138-63 
150-81 


162-99 
175-19 
187-39 
199.59 
211-80 


224-02 
236-24 
248-47 
260-70 
272-93 


285-17 
297-40 
309-63 
321-85 
334-07 


346-29 
358-50 
10-70 
22:89 
35-08 


47.27 
59-45 
71-63 
83-81 
95-99 


108-17 
120-36 
132-55 
144.74 
156.94 


169-14 
181-35 


Lat. 


+ 1:36 
a 1538 
+ 1-40 
+ 1.42 
+ 1-44 


+ 1-47 
+ 1-49 
4 G54 
4 552 
+ 1-54 


aa isop) 
+ 1:56 
+ 1:56 
+ 1:56 
+ 1:56 


+ 1:56 
+ 1-55 
+ 1-54 
Sines 
epulsos 


& 552 
4 1557 
+451 
+ 1-50 
+ 1-50 


+ 1-49 
+ 1-49 
+ 1-49 
+ 1.49 
+ 1-50 


+ 1:50 
spell! 
sip csp! 
sp lear) 
4p dlsye) 


+ 1.54 
Me 1:54 
ASS 
+ 1.54 
+ 1-54 


+ 1-53 
4 9152 
+ 151 
+ 1.49 
+ 1-47 


+ 1-46 
+144 


Position Angle 


Axis 


354-622 
0-658 
6-487 

11-662 
15-925 


19-172 
21-378 
22-530 
22-608 
21-585 


19-458 
16-284 
12-212 
7-491 
2-439 


357-386 
352-612 
348-318 
344-625 
341-608 


339-326 
337-855 
337-311 
337-848 
339-642 


342-819 
347-353 
352-960 
359-101 

5-136 


10.549 
15-045 
18-516 
20-952 
22-362 


22:736 
22-049 
20-278 
17-443 
13-647 


9.099 
4.104 
359-004 
354-113 
349-658 


345-782 
342-560 


Bright 
Limb 


D11 


Frac- 
tion 
lum. 


0-321 
0-432 
0-546 
0-658 
0-760 


0-849 
0-919 
0-968 
0-994 
0-997 


0-977 
0-939 
0-883 
0-814 
0-734 


0-647 
0-555 
0-460 
0-366 
0-275 


0-191 
0-117 
0-058 
0-019 
0-002 


0-012 
0-048 
0-110 
0-193 
0-293 


0-403 
0-517 
0-627 
0-730 
0-820 


0-894 
0-949 
0-984 
0-998 
0-992 


0-966 
0-924 
0-866 
0-796 
0-715 


0-626 
0-531 


D12 


Ww 
—_ 


June 


eSrNIND NWN 


Apparent 


Long. 


322-78 
334-95 
347-42 
0.26 
13.54 


27:27 
41.43 
55:97 
70:75 
85-66 


100-55 
115-28 
129-78 
143-99 
157-89 


171-48 
184-79 
197-85 
210-67 
223-27 


235-69 
247-93 
260-02 
271-98 
283-84 


295-63 
307-42 
319-26 
331-23 
343-39 


355-84 
8-64 
21:87 
35-55 
49-70 


64-28 
79:18 
94.28 
109.42 
124-46 


139-25 
153-70 
167-77 
181-45 
194.74 


207-70 
220-35 


Lat. 


— 
CoMWoO ON AD nb WN Ke ow 


— eRe Re 
BRWNN 


Ree eee 
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= 
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20 
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a 
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MOON, 2009 


FOR 0° TERRESTRIAL TIME 


Apparent 


R.A. 


True 
Dist. 


62-730 
62-115 
61-349 
60-476 
59.555 


58-655 
57-851 
57-213 
56-795 
56-627 


56-711 
57-022 
57/514 
58-131 
58-817 


59-525 
60-218 
60-870 
61-468 
62-005 


62:477 
62-881 
63-210 
63-452 
63-593 


63-614 
63-497 
63-226 
62.790 
62-190 


61-438 
60-564 
59-614 
58-650 
57-747 


56-986 
56-439 
56-161 
56-177 
56-478 


57-025 
57-753 
58.592 
59.472 
60-331 


61-126 
61-826 


Horiz. 
Parallax 


oy 


Semi- 
diameter 


16 
16 
16 
16 


16 
16 
16 
16 
15 


15 
15 
15 
15 
15 


14 
14 
14 
14 
14 


14 
14 
14 
14 
15 


us 
15 
15 
IS 
16 


16 
16 
16 
16 
16 


16 
16 
15 
15 
15 


15 
15 


55-70 
04-56 
15-85 
29-07 
43-44 


57:91 
11-23 
22-06 
29-29 
32-23 


30-75 
25:35 
16-93 
06:55 
55:27 


43-91 
33-06 
23-06 
14-08 
06:16 


59-31 
53-54 
48-89 
45-50 
43.54 


43-24 
44-86 
48-66 
54-83 
03-47 


14-52 
27:72 
42:51 
58-00 
12:97 


25-97 
35-53 
40-46 
40-17 
34.84 


25-31 
12-87 
58-94 
44.76 
31-30 


19-19 
08-78 


Ephemeris Transit 
for date 


Upper 


h 
06-1571 
06-8593 
07-5666 
08-2990 
09-0783 


09-9256 
10-8568 
11-8728 
12-9495 
14-0388 


15-0882 
16-0641 
16-9596 
17-7870 
18-5674 


19-3232 
20-0755 
20-8414 
21-6332 
22-4552 


23-3029 
00-1624 
01-0145 
01-8411 


02-6307 
03-3810 
04-0978 
04-7928 
05-4819 


06-1838 
06-9196 
07-7120 
08-5821 
09-5434 


10-5900 
11-6886 
12-7844 
13-8266 
14-7892 


15-6730 
16.4948 
17-2771 
18-0423 
18-8098 


19.5945 
20-4047 


Lower 


h 
18-5087 
19-2111 
19.9284 
20-6814 
21-4922 


22-3802 
23-3551 
00-4062 
01-4961 
02-5713 
03-5864 
04-5214 


05-3806 
06-1816 


06-9470 
07-6986 
08-4559 
09-2336 
10-0405 


10-8765 
11-7323 
12-5906 
13-4319 
14-2409 


15-0106 
15-7430 
16-4471 
17-1369 
17-8299 


18-5461 
19-3073 
20-1362 
21-0511 
22-0574 


23-1360 
00-2405 
01-3146 
02-3183 


03-2402 
04-0903 
04-8895 
05-6605 
06-4247 


07-1993 
07-9962 


Date 


June 


July 


i) 
SOA D NWhWONE = 


= 
—) 


— 
n= 


MOON, 2009 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0" TERRESTRIAL TIME 


The Earth’s 
Selenographic 


Long. 


—5-010 
— 6-041 
— 6-758 
— 7-084 
— 6-961 


— 6-372 
— 5.344 
—3:999 
— 2-319 
— 0-587 


+ 1-102 
+ 2-630 
+3-915 
+4-915 
+5-618 


+ 6-034 
+ 6-182 
+ 6-085 
+5-761 
+5-227 


+4-496 
+3-579 
+ 2-493 
+ 1-263 
— 0-080 


— 1-490 
2-917 
—4.279 
—5-514 
— 6:537 


— 7.263 
— 7-616 
— 7-536 
— 6-988 
— 5-976 


— 4.554 
— 2-819 
— 0-908 
+ 1-029 
+ 2-846 


+ 4-423 
+5-679 
+ 6:568 
+7:079 
+ 7-226 


+7:037 
+ 6-552 


Lat. 


Lg. 


++ 44+ 


27 
py 
28 
28 
28 


NN NRK ON A 


Physical 
Libration 


i, 


(0°001) 


FE FEES E FEE HE FES HH BEE HH FEES FEF PPE HE FEEEH CEELET 


38 
37 
Bi: 
36 
34 


33 
32 
31 
30 
29 


28 
28 
29 
29 
30 


31 
31 
32 
33 
34 


35 
35 
36 
36 
36 


36 
36 
36 
36 
35 


34 
335) 
32 
31 
30 


29 
28 
27 
26 
26 


26 
26 
wif 
At 
28 


29 
29 


PA. 


BE FEET TS CHEEE EHETE $EtEE FEF S\SET ESE PHEESE EL PEH FEEL 


15 
16 
17 
18 
19 


20 
21 
23 
23 
24 


DS) 
HS) 
25 
25 
24 


24 
23 
22 
21 
20 


18 
18 
17 
16 
16 


15 
15 
16 
16 
17 


18 
19 
21 
22 
23 


24 
Ae) 
25 
26 
26 


26 
26 
25 
24 
24 


22 
21 


The Sun’s 
Selenographic 


Colong. 


181-35 
193-56 
205:79 
218-01 
230-25 


242-49 
254-73 
266-97 
279-22 
291-47 


303-71 
315-95 
328-18 
340-41 
352-64 


4-85 
17-06 
29:27 
41-47 
53-66 


65-85 
78-05 
90-24 
102-43 
114-62 


126-82 
139-02 
151-22 
163-43 
175-65 


187-87 
200-10 
212.33 
224-57 
236-81 


249-06 
261-31 
273-57 
285-82 
298-07 


310-32 
322-56 
334.80 
347-03 
359-25 


11-47 
23-68 


Lat. 


+ 1-44 
+ 1-42 
+ 1-40 
TAe38 
+ 1:36 


+ 1.34 
ee32 
+ 1.30 
+ 1.29 
7 


+ 1-26 
+ 1:25 
+ 1-24 
ap Us) 
+ 1-22 


ap a 
+ 1-21 
+ 1:20 
+ 1-19 
+ 1-18 


el 7 
+ 1-16 
+ 1-14 
satel 2 
+ 1-10 


+ 1-07 
+ 1-05 
+ 1:02 
+ 0:99 
+ 0-96 


+ 0:94 
+ 0:91 
+ 0-88 
+ 0-85 
+ 0-82 


+ 0:79 
+ 0-77 
+ 0:74 
+ 0:72 
+ 0-69 


+ 0-67 
+ 0-65 
+ 0-63 
+ 0-62 
+ 0-60 


+ 0:58 
+ 0:57 


Position Angle 


Axis 


342.560 
340-041 
338-280 
337-368 
337-445 


338-694 
341-300 
345-349 
350-696 
356-875 


3-202 
9-028 
13-936 
17-765 
20-497 


22-164 
22-786 
22-359 
20-870 
18-326 


14-799 
10-457 
5:570 
0-471 
355-490 


350-891 
346-843 
343-438 
340-722 
338-736 


337-543 
337-247 
338-004 
340-002 
343-395 


348-189 
354-103 
0:543 
6-782 
12.237 


16-602 
19-795 
21:837 
22-767 
22-607 


21-366 
19-064 


Bright 
Limb 


D13 


Frac- 
tion 
Illum. 


0-531 
0-434 
0:337 
0-243 
0-158 


0-086 
0-034 
0-005 
0-005 
0:033 


0-089 
0-169 
0-266 
0-374 
0-486 


0-595 
0-697 
0-789 
0-866 
0-926 


0-969 
0-993 
0-999 
0-985 
0.955 


0-908 
0-846 
0-772 
0-687 
0-593 


0-494 
0-392 
0-291 
0-196 
0-114 


0-050 
0-011 
0-001 
0-021 
0-071 


0-145 
0-238 
0-341 
0-450 
0-557 


0-658 
0-751 


D14 


Date 


0° TT 


July 


Aug. 


w 


Apparent 


Long. 


Lat. 
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wh 
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UR WNK CO 


MOON, 2009 


FOR 0° TERRESTRIAL TIME 


Apparent 


R.A. Dec. 


45 23:53 +10 22 
33 47:31° +15 25 
25 35-13) +119 53 
21 25:69 +23 25 


21 21:06 +25 43 
24 27:88 +26 26 


True 
Dist. 


61-126 
61-826 
62-416 
62-891 
63-252 


63-503 
63-649 
63-691 
63-627 
63-450 


63-154 
62-729 
62-172 
61-486 
60-686 


59-801 
58-879 
57-979 
57-175 
56-544 


56-153 
56-049 
56:247 
56-728 
57-439 


58-310 
59.261 
60-216 
61.112 
61-900 


62-551 
63-050 
63-395 
63-594 
63-659 


63-606 
63-447 
63-194 
62-851 
62-423 


61-908 
61-309 
60-631 
59-888 
59-108 


58-330 
57-608 


Horiz. 
Parallax 


58 


Semi- 
diameter 


14 


14 
14 
14 
14 
15 


15 
15 
15 
15 
15 


16 
16 


19-19 
08-78 
00-19 
53-40 
48-30 


44.79 
42-76 
42-18 
43-07 
45-52 


49-68 
55:71 
03-73 
13-82 
25:86 


39-55 
54-28 
09-09 
22-71 
33-69 


40-60 
42-46 
38.93 
30-46 
18-19 


03-58 
48-12 
33-08 
19-4] 
07-70 


58-25 
51-14 
46-29 
43-52 
42-61 


43.35 
45-56 
49.12 
53-96 
00-10 


07-58 
16-45 
26:70 
38-19 
50-57 


03-25 
15-33 


Ephemeris Transit 
for date 


Upper 


h 
19-5945 
20-4047 
21-2404 
22-0925 
22.9447 


23-7789 
00-5808 
01-3443 
02-0712 


02-7701 
03-4541 
04-1398 
04-8460 
05-5933 


06-4030 
07-2932 
08-2715 
09-3244 
10-4134 


11-4866 
12-5030 
13-4460 
14-3214 
15-1470 


15-9439 
16-7321 
17-5277 
18-3414 
19-1759 


20-0260 
20-8790 
21-7187 
22-5310 
23-3078 


00-0484 
00-7587 
01-4496 
02-1351 


02-8315 
03-5571 
04-3305 
05-1691 
06-0841 


07-0729 
08-1134 


Lower 


h 
07-1993 
07-9962 
08-8197 
09-6653 
10-5198 


11-3651 
12-1845 
12.9674 
13-7119 
14.4234 


15-1130 
15-7957 
16-4891 
17-2131 
17-9890 


18-8372 
19-7716 
20-7905 
21-8676 
22-9550 


00-0036 
00-9837 
01-8912 
02-7391 


03-5477 
04-3380 
05-1282 
05-9319 
06-7562 


07-5997 
08-4532 
09-3015 
10-1290 
10-9241 


11-6824 
12-4068 
13-1058 
13-7920 
14-4808 


15-1895 
15-9366 
16-7407 
17-6168 
18-5702 


19-5889 
20-6410 


Aug. 


31 
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—_ 
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ee 
Nn 


MOON, 2009 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° TERRESTRIAL TIME 


The Earth’s 
Selenographic 


Long. 


+ 7-037 
+ 6-552 
+ 5-812 
+4-859 
+ 3-734 


+2-477 
+ 1-127 
— 0-276 
— 1-690 
— 3-068 


— 4.360 
— 5.509 
~ 6-456 
~7-139 
—7-497 


~7-480 
~7.049 
~ 6-195 
— 4.940 
= 3.340 


=i -502 
+ 0-453 
+2-379 
+ 4-136 
+5-605 


+ 6-699 
+7:372 
+7-615 
+7-449 
+ 6-919 


+ 6-084 
+ 5-008 
oOo 
+2-399 
+ 0-989 


—0-419 
— 1-776 
— 3-040 
— 4.172 
— 5-137 


—5-901 
— 6-432 
— 6-698 
— 6-670 
— 6324 


— 5-648 
— 4.642 


Lat. 


Lg. 


++4++ 


++ +4 44+ 4+ ¢4+44+4+ ¢4+44+4+ 44444 4444 


oOornnwhbd 


NUNN OC Nw BAN oc co oOoN OD Ab WN 


a 
NYNWNNK 


— —_ 
re bh 


whaanrn owe 


WNN NY WY 


a +s 


Physical 
Libration 


If 


(02001) 


tt ttttt+ +$t+ttt Ftttt HHH FHHHEHt FHttt FHHHH H+FHF4H $4444 


29 
29 
30 
31 
31 


32 
ay 
32 
62 
a2 


82 
Bo 
31 
31 
30 


29 
28 
27 
26 
25 


25 
24 
24 
24 
24 


24 
24 
25 
25 
26 


26 
27 
27 
28 
28 


28 
28 
28 
28 
2] 


27 
26 
25 
25 
24 


23 
23 


PA. 


t+ ttttt +Ft+ttt Fttte FHFHH H+ttt +Fttete F+Htt F+ttt F+t+tt 


22 
21 
20 
19 
18 


17 
16 
16 
16 
16 


17 
a7 
18 
19 
21 


22 
23 
24 
24 
JS 


26 
26 
26 
26 
26 


25 
24 
24 
22 
21 


20 
1) 
18 
17 
17 


17 
17 
17 
18 
19 


20 
21 
22 
22 
23 


24 
24 


The Sun’s 
Selenographic 


Colong. 


Lat. 


Position Angle 


Axis 


21-366 
19-064 
15-766 
11-617 

6-856 


1-795 
356-762 
352-040 
347-828 
344-242 


341-342 
339-164 
337-756 
337-194 
337-597 


339-121 
341-919 
346-070 
351-452 
357-657 


4.038 
9.933 
14-879 
18-662 
21-232 


22-607 
22-813 
21-873 
19-822 
16-735 


12-755 
8-109 
3-092 

358-027 
353-202 


348-837 
345-067 
341-972 
339-597 
337-988 


337-212 
337-365 
338-572 
340-961 
344-614 


349.472 
355-260 


Bright 
Limb 


D15 


Frac- 
tion 
Ilum. 


0-658 
0-751 
0-831 
0-898 
0-948 


0-982 
0-998 
0-997 
0.977 
0-940 


0-887 
0-819 
0-738 
0-645 
0-545 


0-439 
0-332 
0-230 
0-140 
0-067 


0-019 
0-000 
0-012 
0-054 
0-120 


0-205 
0-303 
0-406 
0-510 
0-610 


0-704 
0-788 
0-861 
0-919 
0-963 


0-990 
1-000 
0-991 
0-964 
0-919 


0-857 
0-779 
0-688 
0-586 
0-478 


0-368 
0-261 


D16 


Date 


Sept. 


Oct. 


Cmerntan BWN Ee = 


all a alo 
&awWNnNe CS 


pak peepee 
CemernInwm 


NNN WN DY 
WN SS 


YY Nv 
Nn 


Apparent 
Long. Lat. 
82:04 +3-24 
96:54 +2-10 
111-32 +0-80 
126-27 —0-56 
141-27 —1-90 
156-18 —3-09 
170:86 —4-06 
185-20 —4-74 
199-13 —5-12 
212-61 —5-21 
225-65 —5-02 
238-29 —4-58 
250-61 —3-95 
262-67 —3-15 
274-57 —2-22 
286-37 —1-21 
298-16 —0-15 
310-01 +0-92 
321-96 +1-96 
334-06 +2-92 
346-34 +3-76 
358-82 +4-43 

11:50 +4-89 

24-39 +5-11 

37:50 +5-08 

50-83 +4-77 

64:37 +4.19 

78:14 +3-36 

92:15 +2-32 
106-37 +1-12 
120-80 —0-17 
135-38 —1.45 
150-03 —2-65 
164.65 —3-66 
179-13, —4.43 
193-35 —4-90 
207-22 —5-08 
220:70 —4-96 
233-76 —4-58 
246-43 —3.99 
258-76 —3-22 
210383 ==2-32 
282-73 —1-34 
294:53 —0-30 
306:34 +0-75 
318323 Salles 
330-28 +2-72 


MOON, 2009 


FOR 0° TERRESTRIAL TIME 


Apparent 


R.A. Dec. 


True 
Dist. 


57-608 
57-003 
56-580 
56-392 
56-473 


56-827 
57-426 
58-216 
59-126 
60-077 


60-996 
61-822 
62-508 
63-026 
63-364 


63-523 
63-518 
63-369 
63-103 
62-745 


62:319 
61-845 
61-336 
60-801 
60-246 


59-677 
59-103 
58-542 
58-021 
57-576 


57-251 
57-090 
57-126 
57-378 
57-843 


58-492 
59-274 
60-127 
60-982 
61-774 


62.446 
62-957 
63-281 
63-407 
63-342 


63-104 
62-723 


Horiz. 
Parallax 


Semi- 
diameter 


14 


15-33 
25-68 
33-05 
36:36 
34-93 


28-73 
18-42 
05-14 
50-29 
35-25 


21-15 
08-85 
58-87 
51-48 
46-73 


44-50 
44.57 
46-65 
50-40 
55-48 


01-60 
08-51 
16-05 
24-11 
32-62 


41-52 
50-66 
59-77 
08-39 
15-86 


21-40 
24-18 
23-56 
19.23 
11-36 


00-59 
47-91 
34-46 
21:36 
09-56 


59-76 
52-46 
47-90 
46-13 
47-04 


50-38 
55:79 


Ephemeris Transit 
for date 


Upper 


h 
08-1134 
09-1663 
10-1909 
11-1613 
12-0720 


12-9329 
13-7611 
14-5752 
15-3911 
16-2199 


17-0658 
17-9250 
18-7865 
19-6357 
20-4590 


21-2481 
22-0016 
22-7243 
23-4259 


00-1190 
00-8188 
01-5415 
02-3039 
03-1214 


04-0043 
04-9524 
05-9501 
06-9673 
07-9695 


08-9310 
09-8427 
10-7099 
11-5466 
12-3697 


13-1951 
14-0344 
14-8925 
15-7662 
16-6440 


17-5103 
18-3501 
19-1539 
19-9195 
20-6517 


21-3602 
22-0580 


Lower 


h 
20-6410 
21-6842 
22-6837 
23-6238 


00-5077 
01-3499 
02-1688 
02-9821 
03-8034 


04-6408 
05.4943 
06-3563 
07-2135 
08-0512 


08-8581 
09-6292 
10-3663 
11-0770 
11-7726 


12-4671 
13-1762 
13-9167 
14-7049 
15-5543 


16-4708 
17-4467 
18-4585 
19.4722 
20-4563 


21-3930 
22-2811 
23-1310 
23-9588 


00-7813 
01-6125 
02-4611 
03-3280 
04-2055 


05-0796 
05-9343 
06:7569 
07:5414 
08-2893 


09-0082 
09-7096 


Date 


Aug. 


Sept. 


Oct. 


16 


Cement naAn BwWN 


i 
= 


—_ 
&hWwWN 


leon <p all ell od 
CSemrnnwm 


MOON, 2009 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° TERRESTRIAL TIME 


The Earth’s 
Selenographic 


Long. 


— 4.642 
— 3-331 
= I57k3/ 
— 0-035 
+ 1-754 


+ 3-469 
+4.977 
+ 6-165 
+ 6-948 
+ 7-289 


+7:187 
+ 6-680 
+ 5-828 
+4-711 
+3-411 


+2:-012 
+0-595 
—0-770 
— 2-024 
— 3-118 


~ 4.021 
~4.710 
—5-179 
= 5.427 
— 5.459 


— 5.280 
— 4.891 
— 4.291 
— 3-479 
— 2-457 


— 1-244 
+0-122 
+ 1-572 
+3-011 
+ 4.324 


+ 5-398 
+ 6-134 
+ 6-469 
+ 6-382 
+ 5-890 


+ 5-045 
+3-924 
+2-614 
+1-211 
—0-191 


— 1-504 
— 2-652 


Lat. 


Lg. 


++ $+ +++ F+FH¢+ FHFFH+ FHEFHFHt FHEHFHEH HHFHHE HHHHt HH ttt FEtgs 


Physical 
Libration 


et: 


(0°001) 


++ tHt+tHe FEHHEH+ HHEtHEHt FHEHHEH FHFHHE HHEFHEH+ HHFHH H+F4HF4 44444 


23 
23 
22 
2p) 
22 


22 
22 
22 
23 
23 


23 
23 
24 
24 
24 


24 
24 
24 
24 
24 


23 
23 
22 
241 
21 


20 
20 
20 
20 
20 


20 
20 
20 
21 
21 


4)| 
21 
Wp 
aD) 
22 


22 
22 
22 
22 
22 


2, 
21 


P.A. 


++ t+ttHe F+HHt FEFHH+ FHEFHHt FHEFHEHt H+EFHEHE H+E+FH $4444 44444 


24 
25 
PS) 
25 
25 


25 
25 
24 
23 
2B 


DD 
on 
20 
19 
18 


18 
17 
17 
18 
18 


19 
20 
21 
22 
22 


23} 
23 
24 
24 
24 


24 
23 
23 
23 
22 


22 
21 
21 
20 
20 


19 
18 
18 
18 
18 


18 
19 


The Sun’s 
Selenographic 
Colong. Lat. 
213-37 —0-64 
225:60 —0-66 
237-84 —0-69 
250-09 —0-72 
262:33 —0-75 
274:58 —0-77 
286-82 —0-80 
299:06 —0-82 
311-30 —0-84 
323-53 —0-87 
335:75 —0-88 
347-97 —0-90 
0:19 —0-92 
12:39 —0-94 
24.59 —0-96 
36:79 —0-98 
48:98 —0-99 
61:16 —1-01 
73:35 —1-03 
85:53 — 1-05 
97-70. —1-07 
109-88 — 1-09 
122-06 —1-11 
134.24 —1-13 
146-43 —1-14 
158-6259 — 116 
170-81 —1-18 
183-01 — 1-20 
195-22 —1-22 
207-43. — 1-24 
219-65 — 1-26 
231-87. — 1-28 
244.10 — 1-30 
256-33 — 1-32 
268-56 — 1-33 
280-79 — 1-35 
293-02 — 1-37 
305:24 — 1-38 
317-46 — 1-39 
329-68 —1-40 
341-89 — 1-41 
354.09 —1-42 
6:28 — 1-43 
18-47. — 1-44 
30-66 — 1-45 
42:83 — 1-46 
55:00 — 1-46 


Position Angle 


Axis 


355-260 
1-473 
7-504 

12-833 
17-139 


20-276 
22-200 
22-902 
22-385 
20-676 


17-848 
14.049 
9-507 
4.523 
359-421 


354.498 
349.984 
346-029 
342-724 
340-128 


338-293 
337:289 
337-208 
338-168 
340-284 


343-624 
348-140 
353-600 
359-576 

5-536 


10-988 
15-588 
19-142 
21-558 
22-783 


22-779 
21-530 
19-076 
15-538 
11-139 


6-191 
1-039 
356-005 
351-334 
347-192 


343-674 
340-841 


Bright 
Limb 


88-25 
94.79 
100-20 
102-78 
90-67 


312-23 
303-15 
300-18 
297-19 
293-46 


288-92 
283-70 
278-05 
272:29 
266-82 


262-00 
258-25 
256-12 
257-07 
269-89 


22:36 
50:73 
57-25 
61-75 
66-43 


71-83 
78-00 
84-70 
91.43 
97-55 


102-37 
105-17 
104-56 

93-69 
349.94 


309-55 
300-55 
294-25 
288-18 
281-96 


275-72 
269-72 
264-28 
259-67 
256-09 


253-77 
253-05 


D17 


Frac- 
tion 
Ilum. 


0-261 
0-164 
0-085 
0-030 
0-003 


0-006 
0-037 
0-093 
0-168 
0-257 


0-353 
0-453 
0-551 
0-646 
0:734 


0-813 
0-881 
0-935 
0:974 
0-995 


0-998 
0-981 
0-944 
0-888 
0-814 


0-724 
0-622 
0-512 
0-399 
0-289 


0-189 
0-106 
0-045 
0-010 
0-002 


0-022 
0-065 
0-128 
0-205 
0-293 


0-386 
0-482 
0-577 
0-668 
0-754 


0-830 
0-896 


D18 


Oct. 


Nov. 


Long. 


Lat. 


ONNDN Qn Ee S&S © 


— — pt 
NNR OO 


a 
RW 


MOON, 2009 


FOR 0° TERRESTRIAL TIME 


Apparent 


R.A. 


Dec: 


True 
Dist. 


62-723 
62-236 
61-683 
61-104 
60-532 


59-994 
59-507 
59-078 
58-711 
58-403 


58-157 
57-978 
57-878 
57-877 
57-994 


58-246 
58-637 
59-162 
59-795 
60-499 


61-223 
61-912 
62-514 
62-979 
63-271 


63-367 
63-259 
62.955 
62-479 
61-867 


61-167 
60-435 
59-725 
59-090 
58-568 


58-183 
57-945 
57-844 
57-865 
57-984 


58-182 
58-445 
58-764 
So89 
59-570 


60-056 
60-591 


Horiz. 
Parallax 


55 


Semi- 
diameter 


16 
16 


16 
16 
15 
15 
15 


15 
He 


Ephemeris Transit 
for date 


Upper 


h 
22-0580 
22.7603 
23-4834 


00-2441 
01-0576 
01-9343 
02-8741 


03-8621 
04-8690 


05-8608 
06-8118 
07-7122 
08-5670 
09-3899 


10-1985 
11-0101 
11-8386 
12-6918 
13-5686 


14-4585 
15-3438 
16-2054 
17-0295 
17-8108 


18-5526 
19.2643 
19-9595 
20-6542 
21-3661 


22-1136 
22-9146 
23-7830 


00-7232 
01-7229 
02-7515 
03-7687 


04-7414 
05-6546 


06-5112 
07-3257 
08-1172 
08-9055 
09-7077 


10-5361 
11-3948 


Lower 


h 
09-7096 
10-4076 
11-1182 
11-8581 
12-6435 


13-4878 
14.3969 
15-3637 
16-3654 
17-3688 


18-3424 
19.2683 
20-1446 
20-9813 
21-7948 


22-6029 
23-4215 
00-2619 
01-1277 
02-0129 
02-9030 
03-7786 


04-6227 
05-4255 


06-1862 
06-9114 
07-6130 
08-3058 
09-0069 


09-7343 
10-5064 
11-3398 
12-2445 
13-2172 


14-2361 
15-2639 
16-2620 
17-2056 
18-0892 


18-9226 
19-7230 
20-5106 
21-3039 
22-1181 


22-9618 
23-8341 


Date 


OTT 


Oct. 


Nov. 


SAAD NHKWN = 
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MOON, 2009 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° TERRESTRIAL TIME 


The Earth’s 
Selenographic 


Long. 


2-652 
= she) 
— 4.235 
—4-616 
— 4.726 


—4.592 
— 4.256 
— 3-762 
SAT, 
— 2-438 


— 1-648 
—0-779 
+ 0-166 
+ 1-177 
+2-221 


+ 3-247 
+4-178 
+ 4-929 
+5-418 
+ 5-580 


+ 5-384 
+4-831 
+ 3-956 
+2:-819 
+ 1-502 


+ 0-097 
— 1-297 
— 2-585 
— 3-676 
— 4.496 


— 4.989 
==) 129) 
— 4.923 
— 4.409 
— 3-652 


= 3 
725 
—0-701 
+ 0-297 
+ 1-241 


2122 
--2-933 
+ 3-664 
+ 4.293 
+4-789 


+5-108 
+5:-207 


Lat. 


leg: 


t+ FH+ HH FHHHH FHHHEH FHHEHH FHE+HH FETE HFHEHHE HHH $4444 


19 
18 
18 
7 
17 


17 
N97 
18 
18 
20 


21 
22 
24 
25 
26 


DM 
28 
29 
29 
29 


28 
27 
26 
25 
24 


23 
22 
| 
20 
19 


18 
17 
17 
17 
18 


19 
20 
21 
22 
24 


2D 
26 
26 
mi 
27 


27 
26 


Physical 
Libration 


Lt. 


(0°001) 


t+ FHHEEH HHH HEH+ HHHHEH FHHEH FHEFHHE HEHEHE FHEE+HE H4+F4F4 44444 


7) 
21 
20 
19 
18 


18 
17 
17 
16 
16 


16 
17 
V7 
18 
18 


19 
19 
20 
20 
20 


21 
21 
21 
21 
21 


21 
20 
20 
19 
19 


18 
17 
16 
i) 
14 


PA. 


+H HHH +H HHEHHHE HEHEHE FHEEHH FHEFEHEH HHEFHEHE HFFH+H $444 44444 


19 
19 
20 
21 
22 


23 
23 
24 
24 
24 


23 
23 
23 
op 
22 


21 
21 
20 
19 
19 


18 
18 
18 
18 
18 


18 
18 
19 
20 
20 


21 
22 
23 
24 
24 


24 
24 
24 
24 
23 


Dp 
22 
21 
20 
19 


18 
18 


The Sun’s 
Selenographic 
Colong. Lat. 
55:00 — 1-46 
67:17 — 1-47 
79:34 — 1-48 
91:50 — 1.48 
103-66 — 1-49 
115-82 — 1-49 
127-98 — 1.49 
140-15 — 1-50 
152-32 = 1-50 
164-49 — 1-50 
176:67 —1-51 
188-86 —1-51 
201-05 — 1-52 
213-25 —1-52 
225-46 —1-53 
237-67 — 1-54 
249-88 — 1-54 
262:10 — 1-55 
274-31 — 1-55 
286:52 — 1-56 
298-73 — 1-56 
310-94 — 1-56 
323-14 —1-56 
335-34 — 1-56 
347-53 —1-55 
Spebifh) Stes) 
11-89 —1-54 
24:06 — 1-54 
30-226 = 53 
48-38 —1-52 
60:53 — 1-51 
72:68 — 1-50 
84-83 — 1-49 
96:97 — 1.48 
109-11 — 1-47 
121-26 —1.-45 
133-40 — 1-44 
145-55 — 1-42 
157-71 — 1-41 
169-87. — 1-40 
182:04 — 1.39 
194.22 — 1.38 
206-40 — 1:37 
218-59 — 1-36 
230:78  — 1-36 
242-98 —1-35 
255-18 —1-34 


Position Angle 


Axis 


340-841 
338-747 
337-466 
337-096 
337-766 


339-604 
342.695 
347-003 
352-305 
358-183 


4-115 
9-620 
14-360 
18-144 
20-879 


22-505 
22-963 
22-204 
20-211 
17-048 


12.894 
8-045 
2-863 

357-708 
352-866 


348-527 
344-796 
341-731 
339-376 
337-793 


337-077 
337-361 
338-801 
341-528 
345-568 


350-747 
356-655 
2:728 
8-426 
13-369 


17-360 
20-319 
22-210 
22.994 
22-623 


21-056 
18-308 


Bright 
Limb 


253-05 
254-79 
262-22 
303-47 

38-74 


57-22 
66:25 
73-94 
81-46 
88-78 


95-49 
101-13 
105-32 
107-78 
108-17 


105-69 
97-13 
52-99 

316-68 

297-65 


287-93 
280-08 
273-05 
266-79 
261-39 


256-98 
253-63 
251-42 
250-43 
250-89 


253-26 
258-94 
274-92 
10-06 
61-49 


75-60 
85-30 
93-34 
99-96 
105-04 


108-52 
110-38 
110-59 
109-07 
105-45 


98-56 
81-87 


D19 


Frac- 
tion 
Ilum. 


0-896 
0-947 
0-982 
0-998 
0-992 


0-964 
0-915 
0-844 
0-756 
0-654 


0-544 
0-430 
0-319 
0-217 
0-131 


0-064 
0-021 
0-003 
0-009 
0-038 


0-087 
0-151 
0-228 
0-314 
0-405 


0-499 
0-592 
0-683 
0-769 
0-846 


0-911 
0-960 
0-990 
0-998 
0-981 


0-939 
0-873 
0-788 
0-687 
0:577 


0-463 
0-352 
0-250 
0-161 
0-089 


0-038 
0-009 


D20 


Date 


O° 


Nov. 16 


Apparent 


Long. 


Lat. 


nN WN 


MOON, 2009 


FOR 0° TERRESTRIAL TIME 


Apparent 


R.A. 


Dec. 


True 
Dist. 


60-591 
61-159 
61-735 
62-286 
62-772 


63-153 
63-390 
63-454 
63-323 
62-991 


62-468 
61-780 
60-968 
60-091 
59-215 


58-412 
57-749 
57:277 
57-028 
57-006 


57-191 
57-544 
58-019 
58-569 
59-154 


59-743 
60-321 
60-877 
61-407 
61-908 


62-375 
62-797 
63-154 
63-426 
63-584 


63-601 
63-455 
63-129 
62-617 
61-930 


61-093 
60-152 
59-167 
58-216 
57:379 


56-735 
56-344 


Horiz. 
Parallax 


Semi- 
diameter 


15 


14 
15 


16 


27:31 
18-69 
10-12 
02-07 
55-09 


49.69 
46-36 
45-47 
47-30 
31:97 


59-44 
09-47 
21:57 
35-03 
48-86 


01-90 
12.95 
20-96 
25-24 
25-63 


22-44 
16-41 
08-41 
59:32 
49-84 


40-46 
31-46 
22-96 
14.99 
07:58 


00-78 
54.74 
49.67 
45-87 
43-66 


43-42 
45-45 
50-03 
57-30 
07-26 


19-69 
34-08 
49.62 
05-14 
19-22 


30-34 
37-21 


Ephemeris Transit 
for date 


Upper 


h 
11-3948 
12-2779 
13-1693 
14-0476 
14-8933 


15-6952 
16-4518 
17-1700 
17-8623 
18-5444 


19-2345 
19-9520 
20-7173 
21-5496 
22-4620 


23-4533 
00-5005 
01-5608 
02-5882 


03-5532 
04-4496 
05-2883 
06-0886 
06-8719 


07-6581 
08-4630 
09-2960 
10-1575 
11-0371 


11-9164 
12-7741 
13-5939 
14-3686 
15-1000 


15-7973 
16-4740 
17-1468 
17-8339 
18-5555 


19.3322 
20-1831 
21-1194 
22-1353 
23-2020 


00-2723 


Lower 


h 
23-8341 
00-7238 
01-6114 
02-4754 


03-3001 
04-0789 
04-8151 
05-5185 
06-2036 


06-8873 
07-5885 
08-3274 
09-1240 
09-9954 


10-9486 
11-9723 
13-0321 
14-0810 
15-0794 


16-0096 
16-8751 
17-6919 
18-4810 
19-2635 


20-0574 
20-8757 
21-7236 
22-5960 
23-4781 


00-3491 
01-1894 
01-9870 
02-7393 


03-4521 
04-1372 
04-8098 
05-4873 
06-1891 


06-9357 
07-7474 
08-6404 
09-6186 
10-6650 


11-7398 
12-7941 


Date 


Nov. 16 


Dec. 


CeOnNIAD VN SwWN 


— 
(—} 


aaa 
nah WN 


NF eS eS 
— eo a 


~YNN NWN WV 
maa WN 


Brynn bv 
— ie a 


WR Ww 
N= 


The Earth’s 
Selenographic 

Long. Lat. 

+5:207 +6-193 
+5:047 +5-501 
+4-608 +4.-546 
+3-888  +3-389 
+2:911 +2-096 
+1:719 +0-728 
+0-376 —0-657 
—1-040 —2-006 
—2-442 —3-270 
—3-738 —4.404 
—4-837 —5.-359 
—5-652 —6-088 
—6:113 —6-541 
—6:175 -—6-672 
—5:821 —6-441 
—5:076 —5-828 
—3-999 —4.842 
— 2-683  —3-527 
—1-236 —1-965 
+0-233 —0-267 
+1-631 +1.-445 
+2-885 +3-049 
+3-949 +4.442 
+4-797 +5-546 
+5-417 +6-309 
+5-805 +6-705 
+5:962 +6-732 
+5-887 +6-406 
SS SeOIY ea vrfoyl! 
+5-049 +4.-843 
+4:296 +3-708 
+3*339" 2-417 
+2-202 +1-034 
+0:920 —0-381 
—0-461 —1-768 
— 1-884  —3-075 
— 3-282 —4-253 
— 4-583 —5-257 
—5-706 —6-044 
—6:573 —6-571 
—7:109 —6-800 
—7:252 —6-691 
—6-963  —6-218 
—6:231 —5-370 
—5-084 —4-165 
—3-589 —2-656 
—1-851 —0-940 


Lg. 


tHtt++ +tttete FHttt+ HFHFHt FHttte FHFHtt+ FFF4F4 ¢4+4+4+4 


++ 


26 
25 
25 
23 
22 


21 
19 
18 
16 
15 


14 
13 
12 
1 
11 


11 
12 
13 
14 
16 


17 
18 
19 
20 
20 


20 
20 
19 
18 
17 


- OF kK OC 


“wh 


MOON, 2009 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° TERRESTRIAL TIME 


Physical 
Libration 


Lt: 


tH HEttt HHFHH+ FHEFHEH HHEtHEH FHFHEH FH+HEH+ FHHEHFH +4444 444445 


PA. 


tt ttttt+ +Ftttt tFtttt +++ee FHHet Ftttt H+eete #F+ ttt $4444 


18 
17 
17 
17 
17 


U7 
17 
18 
18 
19 


20 
al 
22 
23 
24 


25 
25 
25 
25 
25 


24 
28 
23 
Paps 
21 


20 
19 
18 
17 
16 


16 
16 
16 
16 
17 


The Sun’s 
Selenographic 
Colong. Lat. 
255-18 — 1-34 
267:38 — 1-33 
279-58 —1-32 
291-77 —1-31 
303-97 — 1-30 
316-16 —1-29 
328-34 —1-27 
340-52 — 1-26 
352:70 — 1-24 
4.86 —1-23 
17:02 —1-21 
29-18 —1-18 
41.33 —1-16 
53-47 —1-14 
65-61 —1-11 
77:74 — 1-09 
89-87 — 1-06 
102:00 — 1-03 
114.13 — 1-00 
126-26 —0-97 
138-40 —0.94 
150-54 —0-91 
162.69 —0-89 
174-84 —0-87 
187-01 —0-85 
199-18 —0-83 
211-35 —0-81 
223-53 —0-79 
235-72 —0-77 
247-90 —0-76 
260:09 —0-74 
272:28  —0-72 
284-47 —0-70 
296:66 —0-68 
308-85 —0-66 
321-03 —0-64 
333-20 —0-61 
345-37 —0-59 
357:54 —0-56 
9.70 —0-53 
21:85 —0-50 
34:00 —0-47 
46:13 —0-44 
58:27 —0-40 
70:40 —0-37 
82.52 —0-33 
94.64 —0-29 


Position Angle 


Axis 


18-308 
14.492 
9.847 
4-717 
359-482 


354-477 
349-934 
345-988 
342-701 
340-109 


338-252 
337-202 
337-071 
338-015 
340.203 


343-746 
348-592 
354-428 
0-694 
6-754 


12-105 
16-471 
19.747 
21-912 
22-959 


22-867 
21-616 
19.209 
22, 
11-337 


6-351 
1-127 
356-017 
351-298 
347-144 


343-643 
340-835 
338-748 
337-429 
336-958 


337-458 
339-084 
341-986 
346-222 
351-651 


357-852 
4.197 


Bright 
Limb 


D21 


Frac- 
tion 
Illum. 


0-009 
0-002 
0-016 
0-050 
0-100 


0-165 
0-241 
0-325 
0-416 
0-511 


0-606 
0-700 
0-788 
0-866 
0-930 


0-976 
0-998 
0-993 
0-961 
0-902 


0-821 
0-723 
0-615 
0-502 
0-392 


0-289 
0-198 
0-122 
0-063 
0-023 


0-003 
0-003 
0-021 
0-057 
0-108 


0-174 
0-251 
0-337 
0-430 
0-528 


0-627 
0:724 
0-814 
0-893 
0.953 


0-990 
0-999 


D22 MOON, 2009 
NOTES AND FORMULAE 


Low-precision formulae for geocentric coordinates of the Moon 


The following formulae give approximate geocentric coordinates of the Moon. The errors 
will rarely exceed 0°3 in ecliptic longitude (A), 0°2 in ecliptic latitude (8), 0°003 in horizontal 
parallax (7), 0°001 in semidiameter (SD), 0-2 Earth radii in distance (r), 0°3 in right ascension 
(a) and 0°2 in declination (6). 

On this page the time argument T is the number of Julian centuries from J2000-0. 

T = (JD — 245 1545-0)/36 525 = (3286-5 + day of year + UT1/24)/36 525 
where day of year is given on pages B4—BS5 and UT1 is the universal time in hours. 
hk = 218°32 + 481 267°881 T 
+ 6°29 sin (135°0 + 477 198°87 T) — 1°27 sin (259°3 — 413 335°36 T) 
+ 0°66 sin (235°7 + 890 534222 T) + 0°21 sin (269°9 + 954 397°74 T) 
— 0°19 sin (357°5 + 35 999°05 T) — 0°11 sin (186°5 + 966 404°03 T) 
B = +5°13 sin (93°3 + 483 202°02 T) + 0°28 sin (228°2 + 960 400°89 T) 
— 0°28 sin (318°3 + 6 003°15 T) — 0°17 sin (217°6 — 407 332°21 T) 
gw =84-0°9508 
+ 0°0518 cos (135°0 + 477 198°87 T) + 0°0095 cos (259°3 — 413 335°36T ) 
+ 0°0078 cos (235°7 + 890 534°22 T) + 020028 cos (269°9 + 954 397°74 T) 
SD =0-27242 
r =yisin Ty 
Form the geocentric direction cosines (/, m, n) from: 
1 ==COS6 COS A = cosd cosa 
m = +0-9175 cos B sind — 0-3978 sin B = cosé sina 
Then n = +0-3978 cos B sind + 0-9175 sin B = sind 
a = tan! (m/1) and 6 =sin |(n) 
where the quadrant of a is determined by the signs of / and m, and where a, 6 are referred to 
the mean equator and equinox of date. 


Low-precision formulae for topocentric coordinates of the Moon 
The following formulae give approximate topocentric values of right ascension (a’), decli- 
nation (6’), distance (r’), parallax (z:’) and semi-diameter (SD’). 
Form the geocentric rectangular coordinates (x, y, z) from: 
Saar PF COS Goon 
VIF =r COS. Sit W 
ori — 7 asInie 
Form the topocentric rectangular coordinates (x’, y’, z’) from: 
x’ =x —cosd¢’ cos 6 
y’ = y—cos®q’ sin 
z=z-—sind’ 
where ¢’ is the observer’s geocentric latitude and 6 is the local sidereal time. 
O = 100°46 + 36 000°77 T +4’ + 15 UTI 
where 2’ is the observer’s east longitude. 
Then PE (K™ Beye Ze\Me "a= tan hy ix Sein er) 
nm’ = sin”! (1/r’) SD’ = 0:2724z' 
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Diese OL Lams ASM ANS SCULILO ccc unnsariceuré-rnaesnarsesancvartsesskcynes E45 
Physical Ephemeris is, .Sverctaoe Ba: claacnginnvnns eines sstevatin'sn RUIN ROR E54 
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This symbol indicates that these data or auxiliary material 
Wwy may also be found on The Astronomical Almanac Online 
at http://asa.usno.navy.mil and http://asa.hmnao.com 


R2 PLANETS AND PLUTO, 2009 
NOTES AND FORMULAS 


Orbital elements 


The heliocentric osculating orbital elements for the Earth given on page E7 and the heliocentric 
coordinates and velocity of the Earth on page E9 actually refer to the Earth/Moon barycenter. 
The heliocentric coordinates and velocity of the Earth itself are given by: 


(Earth’s center) = (Earth/Moon barycenter) — (0.000 0312 cos L, 0.000 0286 sin L, 
0.000 0124 sin L, —0.000 00718 sin L, 0.000 00657 cos L, 0.000 00285 cos L) 


where L = 218° + 481 268° 7, with T in Julian centuries from JD 245 1545.0. This estimate is 
accurate to the fifth decimal palace in position and the sixth decimal place in velocity. The units 
of position are in AU and the units of velocity are in AU/day. The position and velocity are in 
the mean equator and equinox coordinate system. 

Linear interpolation of the heliocentric osculating orbital elements usually leads to errors of 
about 1” or 2” in the resulting geocentric positions of the Sun and planets; the errors may, 
however, reach about 7” for Venus at inferior conjunction and about 3’’ for Mars at opposition. 


Heliocentric coordinates 


The heliocentric ecliptic coordinates of the Earth may be obtained from the geocentric ecliptic 
coordinates of the Sun given on pages C6—C20 by adding + 180° to the longitude, and reversing 
the sign of the latitude. 


Geocentric coordinates 

Precise values of apparent semidiameter and horizontal parallax may be computed from the 
formulas and values given on page E45. Values of apparent diameter are tabulated in the 
ephemerides for physical observations on pages E56 onwards. 
Times of transit, rising and setting 

Formulas for obtaining the universal times of transit, rising and setting of the planets are given 
on page E45. 
Ephemerides for physical observations 

A description of the planetographic coordinates used for the physical ephemerides is on pages 
E54-E55. Information is also given in the Notes and References (Section L). 
Invariable plane of the solar system 

Approximate coordinates of the north pole of the invariable plane for J2000.0 are: 

Qo = 273°8527 do = 6659911 


This is the direction of the total angular momentum vector of the Solar System (Sun and major 
planets) with respect to the ICRS coordinate axes. 
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ROTATION ELEMENTS FOR MEAN EQUINOX AND EQUATOR OF DATE 
2009 JANUARY 0, 0° TT 


North Pole Argument of Longitude | Inclination 
Planet Right Declin- Prime Meridian of Central | of Equator 
Ascension ation at epoch var./day Meridian to Orbit 
Wo Ww 


° ° ° 


Mercury 343.84 + 6.1385338 + 0.01 
Venus 331.81 — 1.4813296 + 2.64 
Mars 303.19 +350.8919993 Seay) 
Jupiter 245.57  +877.9000354 Ae all 
345.77 +870.2700354 ae Gall 

23.74  +870.5366774 ele 

SAI ar OTST Bi 26.19 

Uranus 141.22 -—501.1600774 Pes) 
Neptune 285.40 +536.3128554 + 28.33 
Pluto 41.91 — 56.3625113 + 60.41 


These data were derived from the “Report of the [AU/IAG Working Group on Cartographic Coordinates and Rotational 
Elements: 2006” (Seidelmann et al., Celest. Mech., 98, 155, 2007). 


DEFINITIONS AND FORMULAS 


Q@1, 6; right ascension and declination of the north pole of the planet; variations during one year 
are negligible. 

W the angle measured from the planet’s equator in the positive sense with respect to the planet’s 
north pole from the ascending node of the planet’s equator on the Earth’s mean equator of date 
to the prime meridian of the planet. 

W the daily rate of change of Wo. Sidereal periods of rotation are given on page E4. 

a, 6, A apparent right ascension, declination and true distance of the planet at the time of observation 
(pages E16—E44). 

W, argument of the prime meridian at the time of observation antedated by the light-time from the 

planet to the Earth. 
W, = Wo + W(d—0.0057755A) 
where d is the interval in days from Jan. 0 at oar: 

Ge planetocentric declination of the Earth, positive in the planet’s northern hemisphere: 

sin G. = — sin 6, sin d—cos 6; cos 6 cos(a;—a@), where —90° < 2. < 90°. 

Pn position angle of the central meridian, also called the position angle of the axis, measured 
eastwards from the north point: 

cos 3. sin pp = cos 6; sin(a; — a) 
cos Be COS Pn = sind, cos d — cos 6; sind cos(a1 — a), where cos B. > 0. 

Xe planetographic longitude of the central meridian measured in the direction opposite to the direc- 

tion of rotation: J 
ve = W,-K, if W is positive 
Ne = K-W,, if W isnegative 

where K is given by 
cos 3. sin K = —cos6; sind + sind; cos 6 cos(a; — a) 
cos 3. cos K = cos ésin(a; — a), where cos B, > 0. 

A, Y planetographic longitude (measured in the direction opposite to the rotation) and latitude 
(measured positive to the planet’s north) of a feature on the planet’s surface (see page E54). 
S apparent semidiameter of the planet (see page E45). 
Aa, A6 displacements in right ascension and declination of the feature (A, y) from the center of the 


planet: 
Aacosé = X cos pn +Y sin pn 
Ad = —XsinpntY cos py 
where 


X = scosysin(\ — Ae), if W>0; X = —scospsin(A — Ac), if W <0; 
Y = s(sin y cos 2, —cos py sin Je cos(A— Ae )). 


E4 PLANETS AND PLUTO 
PHYSICAL AND PHOTOMETRIC DATA 
Mean Minimum Flattening? 4 Coefficients of the Potential 
Planet Mass! Equatorial Geocentric (geometric) 
(kg) Radius Distance? 103 Jo 10° J3 OCA 
km AU 
Mercury | 3.302 2 x 107° 2 439.7 0.549 0 
Venus 4.869 0 x 1074 6 051.8 0.265 0 
Earth 5.974 24x 1074 6 378.14 _ 0.003 353 64 1.082 63 — 2.64 
(Moon) 71.348 3-x 1027 1 737.4 0.002 38 | 0 0.202 7 — 
Mars 6.419 1 x 1078 3 396.2 0.373 0.006 772 1.964 36 
0.005 000 

Jupiter 1.898 8 x 10?” | 71 492 3.949 0.064 874 14.75 
Saturn 5:68 2ex 102° 1) 60268 8.032 0.097 962 16.45 
Uranus 8.684 0 x 1075 | 25 559 17.292 0.022 927 We 
Neptune | 1.0245 x 107° | 24 764 28.814 0.017 081 
Pluto eS) xo O22 Wi) 28.687 0 

Sidereal Mean Maximum Geometric Visual 

Planet Period of Density Angular Albedo” Magnitude® 
Rotation® Diameter® V(1,0) Vo ise vs Uj 3% 
d g/cm? 

Mercury | + 58.646 2 5.43 0.106 — 0.42 — 0.93 0.41 
Venus — 243.018 5 5.24 0.65 — 4.40 — 0.82 0.50 
Earth ap O99 72691163 Sills 0.367 — 3.86 
(Moon) | + 27.321 66 3335 0.12 = 2 aD ae O92 0.46 
Mars SEO S956. 7.6 3.94 0.150 —152 — 2.01 | 1.36 0.58 
Jupiter + 0.413 54 (System II) | 1.33 0.52 =940 — 2.70 | 0.83 0.48 
Saturn + 0.444 01 (System IID | 0.69 0.47 — 8.88 + 0.67 | 1.04 0.58 
Uranus — 0.718 33 12,7 0.51 =e AD) wicker S528 (OG 0.28 
Neptune 0.671 25 1.64 0.41 — 6.87 + 7.84 | 0.41 0.21 
Pluto — 6.387 2 1.8 0.3 = 1.0 ens i5i2 | 0.80 0.31 


1 Values for the masses include the atmospheres but exclude satellites. 


2 The tabulated Minimum Geocentric Distance applies to the interval 1950 to 2050. 


3 The Flattening is the ratio of the difference of the equatorial and polar radii to the equatorial radius. 


4 Two flattening values are given for Mars. The first number is determined using the north polar radius 


and the second one using the south polar radius. 


5 The Sidereal Period of Rotation is the rotation at the equator with respect to a fixed frame of reference. 
A negative sign indicates that the rotation is retrograde with respect to the pole that lies north of the in- 
variable plane of the solar system. The period is measured in days of 86 400 SI seconds. Rotation ele- 
ments are tabulated on page E3. 


6 The tabulated Maximum Angular Diameter is based on the equatorial diameter when the planet is at the 
tabulated Minimum Geocentric Distance. 


7 The Geometric Albedo is the ratio of the illumination of the planet at zero phase angle to the illumination 


produced by a plane, absolutely white Lambert surface of the same radius and position as the planet. 


8 V(1,0) is the visual magnitude of the planet reduced to a distance of 1 AU from both the Sun and Earth 


and with phase angle zero. Vo is the mean opposition magnitude. For Saturn the photometric quantities 
refer to the disk only. 


Data for the Mean Equatorial Radius, Flattening and Sidereal Period of Rotation are based on the “Report 
of the IAU/IAG Working Group on Cartographic Coordinates and Rotational Elements: 2006” (Seidelmann 
et al., Celest. Mech., 98, 155, 2007). 
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HELIOCENTRIC OSCULATING ORBITAL ELEMENTS 
REFERRED TO THE MEAN EQUINOX AND ECLIPTIC OF J2000.0 


Julian Longitude Mean Daily Eccen- Mean 
Date Asc. Node | Perihelion Distance Motion tricity Longitude 
245 Q a n € 


MERCURY ° ° re) ) ° 


4840.5 7.004 42 48.3199 77.4723 0.387 0974 4.092 359 0.205 6409 58.554 40 
4865.5 7.004 41 48.3197 77.4714 0.387 0969 4.092 367 0.205 6413 | 160.863 19 
4890.5 7.004 41 48.3197 77.4713 0.387 0974 | 4.092 359 0.205 6389 | 263.172 48 
4915.5 7.004 40 48.3195 77.4713 0.387 0980 | 4.092 349 0.205 6351 5.480 98 
4940.5 7.004 40 48.3195 77.4714 0.387 0976 | 4.092 356 0.205 6343 | 107.789 75 


4965.5 7.004 40 48.3194 77.4716 0.387 0980 | 4.092 349 0.205 6336 | 210.098 61 
4990.5 7.004 35 48.3191 77.4724 0.387 1002 4.092 314 0.205 6260 | 312.406 39 
5015.5 7.004 35 48.3187 77.4738 0.387 0983 4.092 344 0.205 6225 54.714 19 
5040.5 7.004 35 48.3186 77.4738 0.387 0990 | 4.092 334 0.205 6245 | 157.022 53 
5065.5 7.004 35 48.3186 77.4735 0.387 0986 | 4.092 340 0.205 6252 |) 259330 °97 


5090.5 7.004 35 48.3184 77.4735 0.387 0991 4.092 332 0.205 6223 1.639 12 
SMS) 7.004 35 48.3183 77.4740 0.387 0988 4.092 337 0.205 6221 | 103.947 58 
5140.5 7.004 37 43.3181 77.4731 0.387 0982 4.092 346 0.205 6270 | 206.255 57 
5165.5 7.004 36 43.3181 77.4726 0.387 0978 4.092 352 0.205 6280 | 308.564 50 
5190.5 7.004 37 48.3180 77.4726 0.387 0978 4.092 353 0.205 6267 50.873 17 
VENUS 
4840.5 3.394 49 76.6569 131.746 O23 3257 1.602 152 0.006 7640 61.804 81 
4865.5 3.394 47 76.6568 131.693 0.723 3317 1.602 132 0.006 7694 | 101.858 37 
4890.5 3.394 44 76.6563 131.643 0.723 3384 1.602 110 0.006 7778 | 141.910 90 
4915.5 3.394 44 76.6543 131.589 0.723 3426 1.602 096 0.006 7886 | 181.962 22 
4940.5 3.394 50 76.6526 131.476 OW235 3352) 1.602 121 0.006 7946 | 222.013 77 


4965.5 3.394 53 76.6524 131.427 0.723 3308 1.602 136 0.006 7968 | 262.066 95 
4990.5 3.394 52 76.6523 131.442 0.723 3318 1.602 132 0.006 7960 | 302.120 16 
5015.5 3.394 51 76.6521 131.476 0.723 3298 1.602 139 0.006 7980 | 342.173 13 
5040.5 3.394 52 76.6519 131.527 0.723 3246 1.602 156 0.006 8022 22220013 
5065.5 3.394 52 76.6519 131.533 0.723 3242 1.602 157 0.006 8043 62.280 88 


5090.5 3.394 51 76.6519 131.497 0.723 3283 1.602 144 0.006 8083 | 102.334 68 
SIS 3.394 50 76.6517 131.468 0.723 3324 1.602 130 0.006 8134 | 142.387 79 
5140.5 3.394 50 76.6515 131.442 O23: 3319 1.602 132 0.006 8143 | 182.440 72 
5165.5 3.394 51 76.6514 131.405 0.723 3288 1.602 142 0.006 8139 | 222.494 03 
5190.5 3.394 50 76.6514 131.394 0.723 3281 1.602 144 0.006 8130 | 262.547 75 


EARTH* 
4840.5 0.001 08 | 171.7 102.9706 | 1.000 0162 | 0.985 5865 | 0.016 7463 | 108.538 10 
4865.5 0.001 08 | 171.6 102.9634 | 1.000 0161 | 0,985 5866 | 0.016 7468 | 133.177 53 
4890.5 0.001 10 | 171.2 102.9407 1.000 0062 | 0.985 6012 | 0.016 7395 | 157.817 41 
4915.5 0.001 18 | 171.4 102.9038 | 0.999 9914 | 0.985 6232 | 0.016 7264 | 182.458 65 
4940.5 0.001 25 | 172.7 102.8949 | 0.999 9891 | 0.985 6266 | 0.016 7139 | 207.100 71 
4965.5 0.001 26 | 172.9 102.8917 | 0.999 9923 | 0.985 6219 | 0.016 7046 | 231.742 33 
4990.5 0.001 25 | 172.8 102.8890 | 0.999 9983 | 0.985 6129 | 0.016 6960 | 256.383 45 
5015.5 0.001 26 | 172.7 102.8932 1.000 0076 | 0.985 5992 | 0.016 6865 | 281.023 73 
5040.5 0.001 26 | 172.3 102.9067 | 1.000 0162 | 0.985 5865 | 0.016 6767 | 305.662 90 
5065.5 OOO Ip poi 102.9333 1.000 0163 | 0.985 5864 | 0.016 6711 | 330.301 46 
5090.5 0.001 28 | 172.0 102.9806 1.000 0052 | 0.985 6027 | 0.016 6698 | 354.940 37 
5115.5 0.001 29 | 1721 103.0367 | 0.999 9892 | 0.985 6264 | 0.016 6682 19.580 32 
5140.5 0.001 30 | 172.4 103.0729 | 0.999 9780 | 0.985 6430 | 0.016 6646 44.221 15 
5165.5 0.001 31 172.6 103.0791 | 0.999 9762 | 0.985 6457 | 0.016 6639 68.862 33 
5190.5 0.001 31 172.4 103.0686 | 0.999 9822 | 0.985 6368 | 0.016 6691 93.503 26 


*Values labelled for the Earth are actually for the Earth/Moon barycenter (see note on page E2). 
Distances are in astronomical units. 


FORMULAS 

Mean anomaly, M = L—@w 
Argument of perihelion, measured from node, W = tJ — Q) 
True anomaly, v = M + (2e — e?/4)sin M + (5e7/4) sin2M + (13e?/12) sin3.M +... in radians. 
True distance, T= a(1 - e?)/(1 + ecosyv) 
Heliocentric rectangular coordinates, referred to the ecliptic, may be computed from these elements by: 

x = r{cos(y + w) cos Q — es ata cosisinQ 

y = ricos(v +w) sinQ + sin(v + w) cosicos 2 

z=rsin(y +w) sini 


E6 


Julian 
Date 
245 


MARS 


4840.5 
4877.5 
4914.5 
4951.5 
4988.5 


5025.5 
5062.5 
5099.5 
5136.5 
DEES) 
JUPITER 
4840.5 
4877.5 
4914.5 
4951.5 
4988.5 


5025.5 
5062.5 
5099.5 
5136.5 
S733) 
SATURN 
4840.5 
4877.5 
4914.5 
4951.5 
4988.5 


5025.5 
5062.5 
5099.5 
5136.5 
5173.5 
URANUS 
4840.5 
4913.5 
4986.5 
5059.5 
S1B25 
NEPTUNE 
4840.5 
4913.5 
4986.5 
5059.5 
5132.5 
PLUTO 
4840.5 
4913.5 
4986.5 
5059.5 
SEPA) 


Inclin- 
ation 
} 


O° 


1.848 95 
1.848 92 
1.848 91 
1.848 91 
1.848 93 


1.848 94 
1.848 94 
1.848 93 
1.848 92 
1.848 91 


1.303 80 
1.303 81 
1.303 82 
1.303 82 
1.303 82 


1.303 80 
1.303 81 
1.303 81 
1.303 83 
1.303 84 


2.488 02 
2.488 OL 
2.488 01 
2.488 O1 
2.488 02 


2.488 02 
2.488 01 
2.487 99 
2.487 95 
2.487 93 


0.771 90 
0.771 89 
0.771 88 
0.771 89 
0.771 89 


1.768 77 
1.768 67 
1.768 49 
1.768 30 
1.768 28 


17.112 82 
17.113 28 
Wy SUSY 7 
17.115 49 
17.117 62 
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HELIOCENTRIC OSCULATING ORBITAL ELEMENTS 
REFERRED TO THE MEAN EQUINOX AND ECLIPTIC OF J2000.0 


Longitude 
Asc. Node, Perihelion 
Q 


49.5313 
49.5301 
49.5285 
49.5274 
49.5268 


49.5265 
49.5265 
49.5265 
49.5262 
49.5259 


100.5090 
100.5093 
100.5094 
100.5096 
100.5094 


100.5090 
100.5091 
100.5093 
100.5102 
100.5106 


113.6421 
113.6418 
113.6419 
113.6419 
113.6423 


113.6424 
113.6418 
113.6410 
113.6395 
113.6386 


74.0429 
74.0476 
74.0501 
74.0466 
74.0489 


ai 722, 
1S LS 
131.7702 
131.7688 
131.7687 


110.3370 
110.3364 
110.3358 
110.3338 
110.3313 


Distances are in astronomical units. 


336.1119 
336.0880 
336.0683 
336.0545 
336.0460 


336.0437 
336.0466 
336.0548 
336.0623 
336.0708 


14.5919 
14.5888 
14.5674 
14.5411 
14.5204 


14.5211 
14.5288 
14.5378 
14.5367 
14.5269 


90.3079 
90.2256 
90.1241 
90.0074 
89.8768 


89.7639 
89.6758 
89.6070 
89.5479 
89.4765 


172.4122 
172.2913 
7251323 
171.8873 
171.6524 


PAIOANT) 
21.017 
20.714 
21.288 
22.188 


224.8239 
224.8225 
224.8222 
224.7887 
224.7442 


Mean 
Distance 
a 


1.523 6595 
1.523 7018 
523° 7 E21 
1.523 6833 
1.523 6476 


1.523 6225 
1.523 6165 
1.523 6317 
1.523 6504 
1.523 6726 


5.202 504 
5.202 490 
5.202 568 
5.202 688 
5.202 813 


5.202 841 
5.202 814 
5.202 757 
5.202 724 
5.202 758 


9.517 862 
O17 283 
9.516 508 
9.515 598 
9.514 584 


Oo Souiow 
9513130 
9.512 663 
S12 253 
DSi WAT 


19.225 67 
19722995 
192235" 72 
19.240 35 
19.243 14 


30.186 27 
30.191 05 
30.197 64 
30.199 79 
30.198 84 


39.672 78 
39.659 58 
39.642 92 
39.617 88 
39.594 43 


Daily 
Motion 


nr 


° 


0.524 050 9 
0.524 029 1 
0.524 023 8 
0.524 038 6 
0.524 057 0 


0.524 070 0 
0.524 073 1 
0.524 065 2 
0.524 055 6 
0.524 044 2 


0.083 098 64 
0.083 099 00 
0.083 097 11 
0.083 094 24 
0.083 091 25 


0.083 090 57 
0.083 091 23 
0.083 092 59 
0.083 093 37 
0.083 092 56 


0.033 586 56 
0.033 589 62 
0.033 593 73 
0.033 598 55 
0.033 603 92 


0.033 608 33 
0.033 611 62 
0.033 614 10 
0.033 616 27 
0.033 619 11 


0.011 699 35 
0.011 695 45 
0.011 690 19 
0.011 685 97 
0.011 683 42 


0.005 946 769 
0.005 945 358 
0.005 943 411 
0.005 942 777 
0.005 943 057 


0.003 946 902 
0.003 948 872 
0.003 951 363 
0.003 955 109 
0.003 958 623 


0.093 4531 
0.093 4516 
0.093 4436 
0.093 4240 
0.093 4052 


0.093 3891 
0.093 3765 
0.093 3671 
0.093 3590 
0.093 3530 


0.048 9044 
0.048 8922 
0.048 8894 
0.048 8957 
0.048 9110 


0.048 9205 
0.048 9203 
0.048 9131 
0.048 9040 
0.048 9051 


0.053 2927 
0.053 3309 
0.053 3627 
0.053 3979 
0.053 4451 


0.053 5116 
0.053 5844 
0.053 6594 
0.053 7283 
0.053 7973 


0.045 4167 
0.045 1842 
0.044 8725 
0.044 6273 
0.044 4850 


0.009 3138 
0.009 5484 
0.009 8582 
0.010 1274 
0.010 3070 


0.251 2582 
0.250 9675 
0.250 5954 
0.250 1131 
0.249 6910 


Mean 
Longitude 
L 


° 


282.400 87 
301.787 41 
321 W291 
340.559 44 
359.948 35 


19.339 44 
38.731 55 
58.123 45 
77.514 41 
96.904 13 


308.198 86 
BWA TP2 AU 
314.345 59 
317.419 55 
320.494 42 


323.569 69 
326.644 50 
329.718 85 
332.792 49 
335.866 32 


160.374 65 
161.610 90 
162.847 65 
164.084 05 
165.319 28 


166.553 14 
167.787 07 
169.021 31 
170.256 58 
171.491 93 


351.748 44 
352.613 76 
353.481 64 
354.356 63 
355.230 40 


324.508 44 
324.962 89 
325.422 99 
325.888 68 
326.349 73 


252.142 59 
252.448 39 
252.15 9199 
253.067 68 
253.368 48 


Www Heliocentric Osculating Orbital Elements Referred to the Mean Equinox and Ecliptic of Date previously 
located on pages E6-E7 in the 2007 edition have been moved to The Astronomical Almanac Online at 
http://asa.usno.navy.mil and http://www.hmnao.com 


MERCURY 
4840.5 
4877.5 
4914.5 
4951.5 
4988.5 


5025.5 
5062.5 
5099.5 
5136.5 
S173" 
VENUS 
4840.5 
4877.5 
4914.5 
4951.5 
4988.5 


5025.5 
5062.5 
5099.5 
5136.5 
5173.5 

EARTH* 
4840.5 
4877.5 
4914.5 
4951.5 
4988.5 


5025.5 
5062.5 
5099.5 
5136.5 
5173.5 
MARS 
4840.5 
4913.5 
4986.5 
5059.5 
5132.5 
JUPITER 
4840.5 
4913.5 
4986.5 
5059.5 
51132°5 
SATURN 
4840.5 
4913.5 
4986.5 
5059.5 
513235 
URANUS 
4840.5 
4962.5 
5084.5 
NEPTUNE 
4840.5 
4962.5 
5084.5 
PLUTO 
4840.5 
4962.5 
5084.5 


+ 0.207 9640 
0.318 8819 
0.353 3992 
0.380 6732 
0.149 7254 


0.081 1396 
0.156 8518 
0.311 9558 
0.373 7923 
0.308 1834 


+FI+| 


0.348 7226 
0.368 5634 
0.718 8353 
0.357 9861 
0.353 0935 


0.724 8795 
0.395 7345 
0.320 4402 
0.717 3488 
0.404 0174 


aes A pool | 


[++ +1 


0.315 7342 
0.821 8209 
0.995 2336 
0.775 4330 
0.257 3608 


0.357 9831 
0.839 3069 
1.002 3617 
0.776 1101 
0.240 2442 


0.079 728 
1.021 543 
1.391 724 
0.998 922 
0.116 694 


2.779 047 
52541 
3.617 479 
3.973 446 
4.280 471 


+FFFH FF444° 44444 


9.094 071 
9.203 873 
9.296 168 
9.370 914 
9.428 104 


+19.891 84 
+19.951 86 
+20.000 96 


+24.175 13 
+24.398 47 
+24.617 76 


+ 0.485 77 
+ 0.876 27 
+ 1.266 56 


PLANETS AND PLUTO, 2009 


HELIOCENTRIC COORDINATES AND VELOCITY COMPONENTS 
REFERRED TO THE MEAN —— AND — OF J2000.0 


+ 0.215 9995 
— 0.290 2690 
0.114 4443 
0.005 5596 
0.366 4475 


0.263 6817 
0.393 4050 
0.114 4949 
0.200 6186 
0.225 1664 


0.584 1637 
0.553 4234 
0.027 6313 
0.583 0010 
0.572 0627 


0.010 4957 
0.559 6932 
0.578 7023 
0.022 3921 
0.557 6405 


0.854 4440 
0.502 6756 
0.053 5977 
— 0.589 8697 
0.900 5703 


0.872 9172 
0.518 8701 
0.031 0165 
0.567 7131 
0.876 5284 


1.314 038 
0.842 740 
0.092 434 
0.984 953 
1.414 583 


3.918 010 
3.591 704 
3.222 369 
2.813 875 
2.370 744 


1.918 928 
1.549 115 
1.176 390 
0.801 481 
0.425 095 


2.521920 
MAME) 25) 
1.688 05 


— 161273597, 
AS98214 
—15.688 79 


—30.101 04 
SKU SIG Os) 
—30.130 54 


+0.093 8180 
—0.121-9901 
—0.097 7763 
+0.042 4408 
Sill Dahl 


+0.149 2654 
—0.193 8843 
+0.028 8154 
—0.068 4093 
—0.152 2326 


+0.240 7551 
+0.272 3139 
+0.033 0547 
—0.239 6492 
—0.279 7243 


—0.050 5917 
+0.226 7744 
+0.280 6455 
+0.055 4674 
—(:225) 3274 


+0.370 4286 
=1-0217 9277 
00232328 
ss) (2p? 
—0.390 4208 


—0.378 4343 
—0.224 9469 
+0.013 4430 
+0.246 1159 
+0.379 9970 


—0.604 865 
—0.414 134 
+0.004 806 
+0.424 790 
+0.645 679 


—1.747 038 
—1.617 849 
—1.469 278 
A302 So2 
—1.120 388 


+1.184 115 
+1.036 107 
+0.886 143 
+0.734 521 
+0.581 533 


—1.385 49 
— 204 Ii, 
1022s) 


eA VAED| 
—7.149 26 
—/,034 39 


Ssh 2) 
—9.662 49 
S560) 


—0.026 663 16 
+0.014 039 59 
+0.005 124 96 
—0.007 471 84 
+0.020 865 48 


=, 0103278 lays 
+0.020 834 62 
—0.015 306 28 
+0.008 053 52 
+0.012 866 51 


a OO Tae 
—0.017 425 94 
+0.000 223 73 
+0.017 446 51 
+0.017 547 91 


+0.000 739 87 
—0.016 980 52 
—0.018 169 61 
—0.001 314 44 
+0.016 646 41 


—0.016 574 24 
—0.009 824 08 
+0.000 727 60 
+0.010 700 82 
+0.016 362 01 


+0.015 822 56 
+0.009 334 16 
—0.000 859 33 
—0.011 004 55 
—0.016 964 53 


+0.014 501 702 
+0.009 996 755 
—0.000 332 026 
—0.009 706 852 
—0.013 423 348 


+0.006 244 988 
+0.005 755 457 
+0.005 189 355 
+0.004 551 791 
+0.003 849 757 


—0.001 623 677 
—0.001 384 374 
—0.001 144 150 
—0,000 903 680 
—0.000 663 169 


+0.000 536 606 
+0.000 447 360 
+0.000 357 350 


+0.001 847 173 
+0.001 814 221 
+0.001 780 455 


+0.003 201 435 
+0.003 200 133 
+0.003 197 882 


+0.016 545 34 
—0.016 071 15 
+0.024 373 45 
—0.024 058 79 
+0.010 379 15 


—0.006 756 91 
—0.006 398 78 
+0.023 873 95 
—0.020 290 45 
+0.020 452 06 


+0.008 424 20 
—0.009 973 02 
—0.018 520 92 
—0.008 794 27 
+0.009 292 30 


+0.018 364 08 
+0.009 641 82 
—0.008 752 78 
= 0.0118 526 72 
—0.009 991 65 


—0.005 127 55 
Ses ROMS LO SNS 
SOLON SES G9Z 
a OL ONZ ETON 
—0.004 062 22 


+0.005 500 04 
+0.013 031 63 
+0.015 716 85 
+0.012 283 10 
+0.003 790 13 


+0.001 935 829 
+0.010 558 352 
+0.013 781 074 
+0.009 659 597 
+0.001 900 492 


+0.004 159 791 
+0.004 772 751 
+0.005 337 199 
+0.005 844 062 
+0.006 284 859 


—0.005 042 597 
—0.005 087 563 
—0.005 122 412 
—0.005 147 454 
—0.005 162 870 


+0.003 403 664 
+0.003 414 822 
+0.003 424 124 


+0.002 375 940 
+0.002 398 358 
+0.002 420 390 


—0.000 156 211 
—0.000 120 859 
—0.000 085 699 


*Values labelled for the Earth are actually for the Earth/Moon barycenter (see note on page E2). 
Distances are in astronomical units. Velocity components are in astronomical units per day. 


B 


+0.011 602 75 
—0.010 040 54 
+0.012 488 29 
—0.012 076 87 
+0.003 380 82 


—0.000 207 28 
—0.005 578 32 
+0.014 339 93 
—0.011 673 72 
+0.009 590 96 


+0.004 914 76 
—0.003 384 28 
—0.008 346 98 
—0.005 060 69 
+0.003 070 35 


+0.008 215 51 
+0.005 412 53 
—0.002 788 28 
—0.008 252 33 
—0.005 548 79 


—0.002 222 90 
—0.005 719 58 
—0.006 857 09 
—0.005 293 62 
—0.001 761 13 


+0.002 384 37 
+0.005 649 53 
+0.006 813 67 
+0.005 325 08 
+0.001 643 18 


+0.000 496 179 
+0.004 572 797 
+0.006 329 975 
+0.004 692 786 
+0.001 234 272 


+0.001 630 968 
+0.001 905 617 
+0.002 161 339 
+0.002 394 120 
+0.002 600 147 


—0.002 012 717 
—0.002 041 594 
—0.002 066 329 
—0.002 087 028 
—0.002 103 763 


+0.001 483 080 
+0.001 489 222 
+0.001 494 573 


+0.000 926 586 
+0.000 936 594 
+0.000 946 471 


—0.001 011 445 
—0.001 000 068 
—0.000 988 600 


BT 


E8& MERCURY, 2009 


HELIOCENTRIC POSITIONS FOR 0" TERRESTRIAL TIME 
MEAN EQUINOX AND ECLIPTIC OF DATE 


True 
Distance Distance 
au 
0 = * rhs : - mb. are 4311 15 am i re 0.448 1332 
1 4 43 11.3 451 14.2 | :0.349'8075 16 | 227 42 29.0 0.451 1578 
2 9 41 52.0 423 49.4 | 0.344 3288 178 23036 5857 0.453 9233 
3 14 49 38.4 3 53 28.0 | 0.339 0416 18 | 233 29 28.2 0.456 4257 
4 20 06 32.8 3420 13:4 | 0:83319952 19 | 236 20 12.1 0.458 6613 
5 25 32 30.8 2 44 13.2 | 0.329 2406 20 | 239 09 24.6 1 18 32.4 | 0.460 6274 
6 3107-2025 2 05 40.2 | 0.324 8300 21 Al 244857. 195 1 38 41.8 | 0.462 3212 
i 36 50 41.1 1 24 52.4 | 0.320 8156 22 | 244 44 10.1 1 58 29.2 | 0.463 7409 
8 42 42 02.0 0 42 13.7 | 0.317 2482 23 | 247 30 09.3 2 17 53.4 | 0.464 8846 
9 48 40 42.4 + 0 01 46.3 | 0.314 1761 DANA 250ES 3001 — 2 36 53.4 | 0.465 7509 
10 54 45 50.8 + 0 46 32.4 | 0.311 6431 25 | 253 00 24.8 — 2 55 28.2 | 0.466 3390 
11 60 56 25.0 ‘eo Zoe2 | OrsO9GS72 26 | 255 45 05.9 — 3 13 36.8 | 0.466 6482 
12 67 11 13.3 + 2 15°42. 1 0.308 3387 27. | 258 29 45.6 — 3 31 18.0 | 0.466 6781 
13 1B OL w es aS 39. | 0.307 6191 28 | 261 14 36.2 — 3 48 30.6 | 0.466 4286 
14 79 48 06.0 33933). 1 0.307 5402 | Mar. 1 | 263 59 49.7 — 405 13.4 | 0.465 9001 
15 86 07 13.7 +4 17 43.7 | 0.308 1032 2 | 266 45 38.6 = S4e7de 25. 1 0.465 0931 
16 92 24 47.9 + 4 52 35.5 | 0.309 2990 3.) 2691329520 — 437 04.2 | 0.464 0086 
iG 98 39 19.7 + 5 23 39.2 | 0.311 1084 4 2121S S16 — 452 09.0 | 0.462 6478 
18 104 49 24.8 st) 0) 334s) wO.ol se 5080 5 | 275 08 40.9 — 5 06 37.8 | 0.461 0124 
19 110 53 47.0 + 6 13 04.2 | 0.316 4466 65] QL S59 — 5 20 28.6 | 0.459 1044 


PAY AG KS Sl + 6 31 06.0 | 0.319 8967 7 NW 280°50°49.9" | — 5: 35"39-3 | 0:456 9261 
21 122 41 04.9 | + 6 44 40.0 | 0.323 8061 8 | 283 44 36.4 | — 5 46 07.5 | 0.454 4805 
22)\ 128.22) 2020 | "+ 6 53 94.0-+- 0.328 1243 Or 280,40 2935 ta on 0-0 | OASIET 710 
23 ls3 42 pt Oso OO 4] TORS 327.993) 10 | 289 38 43.2 | — 6 08 45.7 | 0.448 8014 
PEN AUSSIE Tae |e ie CD) SST NOs Tse, 11 | 292 39 32.9 | — 6 18 49.6 | 0.445 5764 
25] 144 30 24.1 + 657 58.5 | 0.343 0117 12 | 295 43 13.8 | — 6 27 58.9 | 0.442 1010 
26} 149 3350.9 | + 652 29.1 | 0.348 4478 13 «|-298)50' 02:0) || =" 633690926 |,0.438-3813 
27| 154 2741.6 | + 6 4407.9 |} 0.354 0400 14 | 302 00 14.2 | — 6 43 17.5 | 0.434 4240 
256 some 07% +1633 15:37) 10535917438 15 | 305 14 07.7 | — 6 49 18.0 | 0.430 2369 
29} 163 47 23.1 + 6 20 10.7 | 0.365 5177 16 | 308 32 00.6 | — 6 54 06.0 | 0.425 8289 
30] 168 13 49.3 | +605 12.4} 0.371 3233 17 Wr S1WS4 11t4Ao | 6736.1 [20-:42102097 
Bil 172 31 48.1 THOMAS Side) LOLS Pog 18 | 315 20 59.7 | — 659 42.1 | 0.416 3909 
Feb. ] 176 41 43.6 | + 5 30 40.5 | 0.382 8933 TON SEStS2, 45-75) a7 OOMWIEY e50.400°3 850 
2) 180 4401.2 | +5 11 36.0 | 0.388 5969 ZO 322029). 5051 — 659 15.9 | 0.406 2064 
3) 184 3906.7 | +451 36.1 | 0.394 2105 21 | 32612 34.3 | — 656 29.2 | 0.400°8714 
4] 188 2726.0] + 4 3051.5 | 0.399 7110 22 | 33001 20.4 | — 651 49.9 | 0.395 3981 
5} 192 09 24.9} +409 31.8 | 0.405 0773 23 | 333 56 30.6 | — 6 45 09.7 | 0.389 8070 
6} 195 45 28.5 | + 3 47 45.3 | 0.410 2909 24 | 33758 27.4 | — 6 36 20.2 | 0.384 1207 
TNG AOD RMG OURO) je 9325) 39).-2) | OAT 593351 25 1434207, 33:45 | — 625 12.7% |. 0.378)3648 
Si 20241) 26:31 3703! 19-9 |= 04201952 26 | 34624 10:7 (| — 6 11°38.7 | 0.372 5674 
9} 206 02 06.8 | + 2 4052.7 | 0.424 8582 27 | 350 48 40.5 | — 5 55 30.0 | 0.366 7597 
10} 209 18 24.4 | +218 22.4 | 0.429 3123 28. | 335 21) 2279) | — SS6ABEL 904-0. 36009762 
SOLS O88 tales S schon | O-45oro04i75 29 0 02 36.0 || 4 5 14 59.0 | 0-35872542 
L2A8 2S"39 LAO a1 N83 27.56) || SOAS T5547 30 452 35.4 | — 450 25.3 | 0.349 6347 
13] 218 44 22.7; + 1 1109.6 | 0.441 3259 Sy! 9 51 33.0 | — 4 22 54.9 | 0.344 1614 
14] 221 46 27.2 | +04901.5 | 0.444 8541 | Apr. 1 1459 36.5 | = 352 28.0 || 0.338-8812 
IS | 224 45 43.8 | +027 05.5 | 0.448 1332 2 20 16 47.8 | — 3 19 08.1 | 0.333 8434 


Apt. 


aABWN re 


14 59 36.5 
20 16 47.8 
25 43 02.6 
31 18 08.4 
37 O1 44.3 


42 53 19.4 
48 52 12.5 
54 57 31.7 
61 08 14.6 
67 23 09.3 


73 40 55.5 
80 00 06.6 
86 19 12.4 
92 36 41.9 
98 51 06.2 


105 01 01.5 
1 UNOSMULES: 
117 102 29%5 
122 DIRSIES 
128 32 58.2 


134 04 51.8 
L397 DO 
144 40 08.5 
149 43 17.1 
154 36 50.0 


159 20 58.0 
163 SS-5732 
168 22 07.2 
172 39 50.6 
176 49 31.5 


180 51 35.2 
184 46 27.7 
188 34 34.9 
192 16 22.4 
195 52 15.4 


199 22 38.1 
202 47 54.2 
206 08 26.4 
209 24 36.2 
212 36 44.5 


215 45 11.1 
218 50 14.9 
221 52 14.1 
224 51 25.8 
227 48 06.7 


230 42 32.5 
233 34 58.6 


= 3) 3272800 
=) LOTS 
—= 2 4310320 
— 2 04 25.4 
— = Il PBvewae 


— 0 40 52.1 
+ 0 03 09.8 
a OAS Ony 
+ 1 32 49.0 
+ 2 17 04.0 


te SS) Oils 
+ 3 40 47.3 
a 4 SE 5202 
str SSE le 
+ 5 24 33.4 


+ 700 14.5 
1:40) Si fol all 
# © 5201650 
+ 6 43 49.9 


ae 3295239 
+ 6 19 44.5 
+ 6 04 43.0 
+ 5 48 05.0 
+ 5 30 06.0 


+ 5) 10"S936 
+ 4 50 58.1 
+ 4 30 12.3 


+ il 32,4529 
st al HORDSE2 
0 48 20.4 
0 26 24.8 
+ 0 04 43.3 


1 
T 


— 0 16 42.4 
= 10) 3785088 


MERCURY, 2009 


HELIOCENTRIC POSITIONS FOR 0" TERRESTRIAL TIME 
MEAN EQUINOX AND ECLIPTIC OF DATE 


0.338 8812 | May 17 


0.333 8434 
0.329 0989 
0.324 7001 
0.320 6991 


0.317 1467 
0.314 0909 
0.311 5756 
0.309 6383 
0.308 3092 


0.307 6096 
0.307 5508 
0.308 1337 
0.309 3490 
0.311 1770 


0.313 5892 
0.316 5492 
0.320 0142 
0.323 9369 
0.328 2669 


0.332 9520 
0.337 9400 
0.343 1796 
0.348 6211 
0.354 2173 


0.359 9236 
0.365 6988 
0.371 5047 
0.377 3064 
0.383 0721 


0.388 7730 
0.394 3833 
0.399 8797 
0.405 2414 
0.410 4498 


0.415 4884 
0.420 3424 
0.424 9989 
0.429 4463 
0.433 6744 


0.437 6743 
0.441 4379 
0.444 9584 
0.448 2296 
0.451 2463 


0.454 0036 
0.456 4977 


June 


July 


18 
19 
20 
wit 


22 
23 
24 
2S 
26 


27 
28 
DS) 
30 
31 


233 34 58.6 
236) 2593926 
239 14 49.6 
242 02 42.3 
244 49 31.2 


247 35 29.2 
250 20 49.0 
253 05 43.3 
255 502432 
258 35 04.2 


DOM S 2S 
264 05 09.9 
266 51 00.1 
269 37 38.3 
2712 25°17.0 


275 14 08.8 
278 04 26.8 
280 56 24.1 
283 50 14.3 
286 46 11.5 


289 44 29.9 
292 45 24.7 
295 49 11.2 
298 56 05.5 
302 06 24.3 


305 20 24.9 
308 38 25.3 
312 00 44.4 
315 27 41.5 
318 59 36.9 


B22 3005123 
326 19 46.2 
330 08 43.6 
334 04 05.7 
338 06 15.2 


342 15 34.5 
346 32 25.6 
350 57 09.9 
3535 3000783 

OMAR 59. 


SiOess 2 
10 01 04.9 
15 09 24.5 
20 26 52.0 
DSHS oI22N6 


31 28 43.7 
37 12 34.0 


— 421 54.9 
= 43/0o29) 
— 452 36.6 


EY 


True 
Heliocentric 
Distance 


au 


0.456 4977 
0.458 7250 
0.460 6827 
0.462 3681 
0.463 7792 


0.464 9143 
0.465 7721 
0.466 3516 
0.466 6522 
0.466 6735 


0.466 4154 
0.465 8784 
0.465 0629 
0.463 9699 
0.462 6008 


0.460 9571 
0.459 0408 
0.456 8544 
0.454 4008 
0.451 6834 


0.448 7060 
0.445 4734 
0.441 9906 
0.438 2637 
0.434 2995 


0.430 1058 
0.425 6913 
0.421 0662 
0.416 2417 
0.411 2306 


0.406 0473 
0.400 7081 
0.395 2313 
0.389 6372 
0.383 9488 


0.378 1915 
0.372 3936 
0.366 5866 
0.360 8046 
0.355 0855 


0.349 4701 
0.344 0023 
0.338 7291 
0.333 6996 
0.328 9652 


0.324 5779 
0.320 5899 


E10 


July 


Aug. 


ABWN 


31 % 43. ; 
37 12 34.0 
43 04 22.4 
49 03 27.3 
55 08 56.6 


61 19 47.5 
67 34 48.0 
WS SSeS) 
80 11 48.9 
86 30 52.5 


92 48 17.1 
995023329 
105 12 19.3 
111 16 17.4 
TG Teis a2 slev/, 


123 02 36.8 
128 43 18.9 
134 14 55.5 
139 37 05.4 
144 49 37.1 


149 52 28.3 
154 45 43.9 
SOROS Sal 
164 04 18.1 
168 30 12.6 


172 47 41.2 
176 57 08.0 
180 58 58.6 
184 53 38.6 
188 41 34.2 


192 23 10.8 
195 58 53.6 
199 29 06.9 
202 54 14.3 
206 14 38.4 


209 30 40.8 
212 42 42.3 
21S 10204 
218 56 00.9 
221 57 54.9 


224 57 02.0 
227 53 38.7 


230 48 00.9 |. 


233 40 23.8 
236 31 01.9 


239 20 09.6 
242 08 00.4 


MEAN EQUINOX AND ECLIPTIC OF DATE 


Date Longitude Latitude Helio snific Date Longitude Latitude 
Distance 


= 0 * Mile 5 
= 12271656 
= 0 395320 
+ 0 04 31.7 
0 49 19.3 


+ 


Se one oe AP ae Se SE SP Ge Ge ae Ae aR Sp an See Gye Se ae 3e SP Sie Sj ae af Se Se See ee 
WwW HRHRUAAYN NNNDDAD an NNNNA BRWWNre 
N NN NA or WHY Nn We NNW e hor W 
OS. no —I HON WNW \o NPN NH 
- WNN WW mere WW oO com or ON WwW 
~ WOoOWND WwW Woaocdr WwW Ww ooh O~ 
SN NOW ONnNO SOS Hare core 


aS 5h Sto aeGe 
(=e — ee Sy 
hOWUNe 
NONFAD 
wWRONN 
on Boo 
oOoWwWornrr 


| +4 
Sor 
re OWN’ 
Nw 
NOF 
Re woh 
NAD 


= 0 59)1827 


I a) 
= al 8985620 


MERCURY, 2009 
HELIOCENTRIC POSITIONS FOR 0° TERRESTRIAL TIME 


a 4 5779 | Aug. 


0.320 5899 
0.317 0520 
0.314 0121 
0.311 5138 


0.309 5945 
0.308 2841 
0.307 6036 
0.307 5641 
0.308 1661 


0.309 3999 
0.311 2457 
0.313 6747 
0.316 6502 
0.320 1294 


0.324 0647 
0.328 4057 
0.333 1003 
0.338 0963 
0.343 3423 


0.348 7887 
0.354 3885 
0.360 0971 
0.365 8734 
0.371 6794 


0.377 4801 
0.383 2440 
0.388 9423 
0.394 5493 
0.400 0417 


0.405 3989 
0.410 6022 
0.415 6353 
0.420 4834 
0.425 1337 


0.429 5745 
0.433 7958 
0.437 7886 
0.441 5449 
0.445 0579 


0.448 3215 
0.451 3303 
0.454 0798 
0.456 5659 
0.458 7851 


0.460 7346 
0.462 4118 


Sept. 


Oct. 


043 i 00. 4 
244 54 47.7 
247 40 44.4 
250 26 03.5 
253. L057 °2 


255) 55038. 
258 40 18.3 
261 25 10.2 
264 10 25.7 
266 56 17.3 


269 42 57.3 
272 30 38.1 
DIS \OS25 
278 09 53.4 
281 01 54.0 


283 55 47.9 
286 51 49.2 
289 50 12.3 
292 SAPV2Z 
295 55 04.2 


299 02 04.5 
302 12 29.8 
305 26 37.5 
308 44 45.7 
312 07 13.0 


315 34 18.9 
319 06 23.7 
322 43 48.3 
326 26 54.0 
330 16 02.8 


334 11 37.1 
338 13 59.4 
342 23 32.2 
346 40 37.5 
351 05 36.6 


355 38 49.4 
0 20°33.9 
5 11 05.4 
10 10 35.8 
LS Ae h2t2 


20 36 56.3 
26 03 43.3 
31 39 20.3 
37 23°25.7 
43 15 28.1 


49 14 45.6 
59) 2012526 


ADDAD 
Ae bow fh 
ROBRGL 
VAN AA 
PILES 
NwWDH On 


| 
wh Hr” 


— 6253 


— 6 36 38.0 
— 6 43 41.9 
— 6 49 38.0 
— 6 54 21.4 
— 657 46.3 


— 659 47.0 
=") ‘OOMUGET. 
— 6 5908-6 
= 69615:2 
— 651 28.6 


AN he w 
or OWN 
NoORWN 
ON OW WwW 
NwWUOW 


True 
Heliocentric 
Distance 


au 


0.462 4118 
0.463 8146 
0.464 9414 
0.465 7909 
0.466 3620 


0.466 6542 
0.466 6671 
0.466 4006 
0.465 8552 
0.465 0314 


0.463 9301 
0.462 5526 
0.460 9007 
0.458 9763 
0.456 7818 


0.454 3202 
0.451 5949 
0.448 6098 
0.445 3695 
0.441 8793 


0.438 1451 
0.434 1738 
0.429 9733 
0.425 5523 
0.420 9210 


0.416 0906 
0.411 0741 
0.405 8859 
0.400 5422 
0.395 0615 


0.389 4642 
0.383 7733 
0.378 0144 
0.372 2159 
0.366 4091 


0.360 6285 
0.354 9120 
0.349 3005 
0.343 8380 
0.338 5715 


0.333 5504 
0.328 8258 
0.324 4500 
0.320 4751 
0.316 9518 


0.313 9279 
0.311 4468 


Date Longitude Latitude 
Oo fa o wi 


Oct. 


Nov. 


A BWN 


55 20 25.6 
61/31 25.3 
67 46 32.0 
74 04 25.1 
S023 87a) 


86 42 39.6 
OP) 532) aye)57/ 
99 14 09.3 
105 23 45.1 
111 27 31.4 


Ii 242251 
123813 22 
128 53 47.8 
134 25 07.4 
139 46 59.6 


144 59 13.6 
150 01 47.0 
154 54 45.1 
SOBA 
164 12 45.8 


168 38 24.5 
172 55 38.0 
177 04 50.5 
181 06 27.5 
185 00 54.8 


188 48 38.3 
192 30 03.7 
196 05 36.1 
LOD 53987 
203 00 38.1 


206 20 53.8 
209 36 48.6 
212 48 43.0 
215 56 56.9 
219 01 49.1 


PDS Sled 
225 02 40.0 
227 59 12.4 
230 53 30.6 
233 45 50.0 


236 3625.2 
239)25 30.2 
242 13 18.9 
245 00 04.4 
247 45 59.8 


250131 17.9 
253 16 11.0 


+ 0 50 42.1 
a: 1l35133-5 
+ 2 19 44.4 
si SOD) Silla 
+ 3 43 12.2 


4 55 37.4 


= 0 3908.3 


= 0.59°56.9 
= 1 20 25.4 
= i 40 32.9 
= 2.00 18.2 
= 29 40.2 


— 2 38 38.0 
2 57 10.4 


MERCURY, 2009 


HELIOCENTRIC POSITIONS FOR 0" TERRESTRIAL TIME 
MEAN EQUINOX AND ECLIPTIC OF DATE 


True 
Heliocentric 
Distance 


0.309 5457 
0.308 2544 
0.307 5934 
0.307 5735 


0.308 1951 
0.309 4480 


0.311 3121 | 


0.313 7583 
0.316 7499 


0.320 2437 
0.324 1922 
0.328 5447 
0.333 2493 
0.338 2536 


0.343 5064 
0.348 9582 
0.354 5619 
0.360 2732 
0.366 0510 


0.371 8572 


QO ff // 


0.311 4468 | Nov. 


Dec. 


0.377 6573 | 


0.383 4196 
0.389 1155 
0.394 7193 


0.400 2079 
0.405 5606 
0.410 7590 
0.415 7866 
0.420 6289 


0.425 2729 
0.429 7072 
0.433 9216 
0.437 9073 
0.441 6563 


0.445 1618 
0.448 4177 
0.451 4186 
0.454 1601 
0.456 6381 


0.458 8491 
0.460 7902 
0.462 4590 
0.463 8534 
0.464 9717 


0.465 8126 
0.466 3752 


16 


253 16 11-0 
256 00 51.7 
258 45 32.1 
261 30 24.4 
264 15 40.9 


267 O01 33.8 
269 48 15.4 
ZI 2 35) 58.3 
275 24 55.1 
278 15 18.8 


238i 07 22791 
284 01 20.3 
286 57 25.8 
289155) 53.0 
292 56 58.3 


296 00 55.9 
299 08 02.3 
302 18 34.2 
305 32 49.0 
308 S51 04.9 


312 13 40.5 
315 40 55.4 
319 13 09.8 
322 50 44.5 
326 34 01.1 


S30V3MArS 
334 19 08.1 
338 21 43.5 
342 31 30.0 
346 48 49.7 


351 14 03.8 
355 47 32.3 
029 33-1 
a 20eS 
10 20 08.6 


15 29 02.1 
20 47 03.4 
26 14 07.3 
31 50 00.7 
37 34 21.7 


43 26 38.5 
49 26 09.0 
55 32 00.3 
61 43 09.1 
67 58 22.6 


74 16 19.8 
80 35 33.8 


/ // 


6 49 48.0 
6 54 29.0 


© Bf Silbs 
6 59 49.4 
7 00 16.2 
6 59 05.0 
6 56 08.2 


6 51 18.0 
6 44 26.2 
6 35 24.3 
6 24 03.6 
6 10 15.6 


D 9) S27 
5 34 45.8 


SOR 612 
PE IIN AV 5S) 


3 03 49.6 
3 44 25.4 


Bl 


True 
Heliocentric 
Distance 


au 
0.466 3752 
0.466 6588 
0.466 6631 
0.466 3881 
0.465 8340 


0.465 0016 
0.463 8918 
0.462 5059 
0.460 8455 
0.458 9126 


0.456 7098 
0.454 2400 
0.451 5066 
0.448 5135 
0.445 2654 


0.441 7675 
0.438 0258 
0.434 0473 
0.429 8397 
0.425 4120 


0.420 7743 
0.415 9379 
0.410 9157 
0.405 7223 
0.400 3740 


0.394 8892 
0.389 2886 
0.383 5950 
0.377 8343 
0.372 0349 


0.366 2282 
0.360 4489 
0.354 7348 
0.349 1271 
0.343 6698 


0.338 4100 
02383) 3971 
0.328 6824 
0.324 3181 
0.320 3563 


0.316 8477 
0.313 8399 
0.311 3763 
0.309 4937 
0.308 2217 


0.307 5805 
0.307 5806 


Ele 


VENUS, 2009 


HELIOCENTRIC POSITIONS FOR 0° TERRESTRIAL TIME 
MEAN EQUINOX AND ECLIPTIC OF DATE 


Date Latitude 


Jan. 


Feb. 


Apr. 


NAW Re 


Se Mh 
45 10 49.0 
48 23 08.7 
31359351 
54 48 08.5 
58 00 48.7 


61 13 36.1 
64 26 30.5 
67 39 32.1 
70 52 40.9 
74 05 56.9 


TA VO20 72 
80 32 50.6 
83 46 28.3 
87 00 13.1 
90 14 05.0 


93 28 03.8 
96 42 09.3 
9962125 
103 10 39.9 
106 25 04.5 


109 39 34.9 
112 54 10.8 
116 08 51.7 
119 23 37.4 
1223827 2 


142 08 25.5 
145 23 29.4 
148 38 32.9 
LSH"53 35.41 
155 08 35.4 


153°23°33.4 
161 38 27.4 
164 53 17.7 
168 08 03.3 
171 22 43.5 


174 37 S17 Se) 
177 51 45.2 
181 06 05.3 
184 20 17.7 
187 34 21.6 


190 48 16.7 
194 02 02.5 


ov // 


— 1 46 45.8 


Soot de te 
SSS SS 
BRWNr OS 
NYAHRWeE 
We NnNN 
oR WN OO 
OoOW SW 


+E ++ 
— eee OC 
HRWNOMN 
ooo woo 
nA Be WW 
joe ee, GBS ss GN 
DNONN WwW 


2 18 01.7 
2-26 W075 


t+te4 
N 
i=) 
\o 
es) 
Nn 


2 34 05.1 
2 41 23.1 
2 48 10.0 
2 54 24.5 
3 00 05.4 


t+tet 


t+t 44 
WWW WwW 
ea 
ODWOnm 
Wnrw fe 
ONO 
NNN OMN 


++ +44 
WWW WwW Ww 
NNNN NY 
WWWN — 
SWWMN WwW 
i a) 
or © oO ~ 


+ ++ 4 +4 
WWW Ww 
— ee PO 
ofN Oe 
NR NN 4S 
Ane ONDA 
Ke BR OUNK 


+ 3 06 02.6 
+ 3 01 04.9 


True 
Heliocentric 
Distance 


0.793 0141 
0.722 7415 
0.722 4707 
0.722 2024 
0.721 9376 


0.721 6769 
0.721 4214 
0.721 1718 
0.720 9288 
0.720 6934 


0.720 4661 
0.720 2478 
0.720 0391 
0.719 8408 
0.719 6534 


0.719 4776 
0.719 3140 
0.719 1630 
0.719 0251 
0.718 9009 


0.718 7907 
0.718 6949 
0.718 6138 
0.718 5476 
0.718 4966 


0.718 4610 
0.718 4408 
0.718 4361 
0.718 4470 
0.718 4735 


0.718 5153 
0.718 5725 
0.718 6447 
0.718 7319 
0.718 8337 


0.718 9497 
0.719 0797 
0.719 2231 
0.719 3796 
0.719 5486 


0.719 7296 
0.719 9220 
0.720 1252 
0.720 3385 
0.720 5613 


0.720 7928 
0.721 0328 


Apr. 


May 


June 


July 


194 ss as 
197 15°38..5 
200 29 04.5 
203 42 20.2 
206 55: 25.2 


210 08 19.5 
PAB QL O29 
21633 35.3 
219 45 56.8 
222,58 07.2 


226 10 06.9 
229i 2N DD.8 
232 33 34.2 
235 45 02.4 
238 56 20.7 


242 07 29.3 
245 18 28.6 
248 29 19.2 
251 40 01.4 
254 50 35.7 


258 01 02.6 
261 If 22%6 
264 21 36.3 
267 31 44.3 
270 41 47.1 


273;5 45.3 
2TT OL 39.5 
280 11 30.2 
283 21 18.1 
286 31 03.7 


289 40 47.6 
292 50 30.2 
296 00 12.2 
299 09 54.1 
302°19'36.3 


305 29 19.4 
308 39 03.8 
311 48 49.8 
314 58 38.0 
318 08 28.6 


321 18 22.1 
324 28 18.8 
327 38 18.9 
330 48 22.8 
333 58 30.7 


337 08 42.9 
340 18 59.4 


° / // 


+ 3 01 04.9 
+ 2S Soil 
+ 2 49 28.1 
+ 2 42 51.3 
+ 2 35 44.0 


= en ehona ue SS 
rPNNN NY 
nAOoOrNN 
WN © Co 
[Sie MOSS 
NO WW ~) 
NYDWOAND 


+++ 
aS ses 
& 
1S) 


True 
Heliocentric 
Distance 


au 

0.721 0323 
0.721 2790 
O47/21532A 
0.721 7909 
0.722 0545 


0.722 3220 
0.722 5927 
0.722 8656 
0.723 1399 
0.723 4147 


0.723 6892 
0.723 9625 
0.724 2337 
0.724 5020 
0.724 7666 


0.725 0266 
0.725 2812 
0.9725 5297 
O25 TIS 
0.726 0052 


0.726 2308 
0.726 4473 
0.726 6540 
0.726 8505 
0.727 0359 


0.727 2099 
0.727 3718 
0.727 5212 
0.727 6576 
0.727 7806 


0.727 8899 
0.727 9851 
0.728 0659 
0.728 1321 
0.728 1835 


0.728 2199 
0.728 2413 
0.728 2475 
0.728 2386 
0.728 2146 


0.728 1755 
0.728 1214 
0.728 0526 
0.727 9692 
0.727 8715 


0.727 7598 
0.727 6344 


VENUS, 2009 E13 


HELIOCENTRIC POSITIONS FOR 0° TERRESTRIAL TIME 
MEAN EQUINOX AND ECLIPTIC OF DATE 


: True True 
Distance Distance 
o / a i a oO 7 H / WV au 
340 18 59.4 3 22 23.8 | 0.727 6344 | Oct. 128 00 27.7 tr 0.718 4135 
343 29 20.6 3 23 21.0 | 0.727 4956 ISAS O74: tf 0.718 4042 
346 39 46.7 3 23 40.9 | 0.727 3440 134 30 29.2 4 0.718 4105 
349 50 17.7 3)23°23.35|' 0.027 17/99 137 45 32.7 + 0.718 4325 
353 00 53.8 3 22 28.4 | 0.727 0039 141 00 37.2 at 0.718 4700 
356 11 35.1 3 20 56.2 | 0.726 8165 144 15 42.1 4 0.718 5229 
359 22 21.8 3 18 46.8 | 0.726 6182 147 30 46.7 1 0.718 5911 
PBB NBO) 3 16 00.8 | 0.726 4096 150 45 50.2 46 0.718 6742 
5 44 11.6 3 12 38.4 | 0.726 1914 154 00 52.0 + 0.718 7722 
8 55 15.0 3 08 40.4 | 0.725 9643 157,15. 51.4 + 0.718 8845 
12 06 24.1 3 04 07.2 | 0.725 7289 | 160 30 47.6 +f 0.719 0110 
1SGh7 B9E0 2 58 59.8 | 0.725 4860 163 45 40.0 + 0.719 1511 
18 28 59.9 2 58 19205) 0-725 2363 167 00 27.9 4p 0.719 3044 
21 40 26.7 2 47 05.7 | 0.724 9805 170 15 10.6 + 0.719 4704 
24 51 59.6 2 40 21.1 0.724 7195 173 29 47.4 +f 0.719 6486 
28 03 38.7 2 33 06.4 | 0.724 4541 176 44 17.7 + 0.719 8384 
31 15 24.1 2 25 22.8 | 0.724 1850 179 58 40.9 + 0.720 0392 
34 27 15.8 De Mess |) ON23 9181 183 12 56.4 ap 0.720 2503 
Sy BEA) 2 08 34.7 | 0.723 6393 186 27 03.6 ae 0.720 4710 
40 51 18.6 15988 25)|' 0:723 3644 189 41 02.1 + 0.720 7008 
44 03 29.8 1 50 08.9 | 0.723 0892 192 54 51.4 0.720 9387 
47 15 47.8 1 40 23.6 | 0.722 8147 | 196 08 31.1 + 0.721 1841 
50 28 12.6 130 18.9 | 0.722 5416 199 22 00.8 0.721 4362 
53 40 44.3 119 56.8°| 0.722 2709 202,35 20-2 a 0.721 6941 
56 53 23.0 109 19.2 | 0.722 0034 205 48 29.1 4p Ox721 9S7A 
60 06 08.7 0 58 28.0 | 0.721 7399 209 01 27.2 4 0.722 2243 
63 19 01.5 0 47 25.4 | 0.721 4813 212 14 14.5 ats 0.722 4949 
66 32 01.5 0 36 13.3 | 0.721 2284 215 26 50.7 a 0.722 7680 
69 45 08.7 0 24 53.9 | 0.720 9820 218 39 16.0 af 0.723 0427 
VOSS oe 0 13 29.3 | 0.720 7429 22M ESOS ae 0.723 3182 
76 11 44.9 002 01.7 | 0.720 5119 225 03 33.6 ae 0.723 5937 
79°25 13:29 0 09 26.7 | 0.720 2896 228 15 26.2 at 0.723 8682 
82 38 50.2 0 20 53.7 | 0.720 0769 231 27 08.2 4 0.724 1410 
85 52 33.6 O32 A741 0.719 8743 234 38 39.8 + 0.724 4111 
89 06 24.1 0 43 34.8 | 0.719 6826 237 50 01.4 +f 0.724 6777 
92 20 21.6 0 54 44.5 | 0.719 5023 241 01 13.1 th 0.724 9400 
95 34 25.9 1 05 44.1 0.719 3341 244 12 15.5 + 0.725 1972 
14 98 48 36.9 a HOw ou) COMM) TSS 15 | 247 23 09.0 + 0 33 14.7 | 0.725 4485 
16 102 02 54.3 + 1 27 04.2 | 0.719 0360 No) 250) 38) 68.8 + LOM2t0202 #)\ Oa7Z5 6931 
18 LOSS 7 1729 + 1 37 20.7 | 0.718 9070 19 | 253 44 30.6 +0 10 46.1 0.725 9303 
20 108 31 47.5 + 1 47 18.7 | 0.718 7920 21 | 256 54 59.8 — 000 31.5 | 0.726 1593 
2D 111 46 22.6 + 1 56 56.2 | 0.718 6914 23 | 260 05 22.0 — 0 11 48.7 | 0.726 3794 
24 115 01 02.9 HD Oomil 9 205718 6055 QS}; 268115 Bi.6 0282082. | 709726 5901 
26 118 15 48.0 + 25 0276" || “02778 5345 27 | 266 25 47.3 = ONANBE2. | 0226 7905 
28 121 30 37.6 + 2 23 27.8 | 0.718 4787 | 29 | 269 35 51.6 — 0 45 16.5 | 0.726 9802 
30 124745 B1104)) +231 255) | 0.713 4383 31 | 272 45 51.0 — jOmsonlit 0.727 1586 
Oct. 2 128 00 27.7 + 2 38 54.0 | 0.718 4135 33: 2755S 46.3 — F1s06N5542) || 08727 3250 


E14 


Date Longitude 
On iti 


Jane 


Feb. y 


Apt. 3 


May 1 


June 2 


MARS, 2009 


HELIOCENTRIC POSITIONS FOR 0° TERRESTRIAL TIME 


266 25 26.1 
268 41 40.7 
270 58 49.9 
PHS) Mo) 33353) 
275 35 50.8 


277 55 41.4 
280 16 24.3 
282 37 58.8 
285 00 23.7 
287 23 38.0 


289 47 40.3 
DMN IRV ID 
294 38 03.2 
297 04 20.6 
PAN) al Nes 


301 58 57.9 
304 27 13.8 
306 56 05.0 
309 25 29.2 
SIPS592328 


314 25 46.4 
316 56 34.3 
319 27 44.7 
321 59 14.9 
324 31 01.9 


327 03 02.7 
329 35 14.4 
33240793329 
334 39 58.2 
337 12 24.0 


339 44 48.4 
342 17 08.2 
344 49 20.4 
347 21 21.9 
349 53 09.7 


352 24 40.8 
354 55 52.5 
357 26 41.7 
359 57 06.0 

A, Pip VV23) 


4 56 28.8 
Urey 73) 
9 53 41.2 
PLP Pa Tl 
14 48 25.0 


17 14 46.1 
19 40 24.3 


ee ee —— | ee ae ee ee ee ee ee a — tt  =OO 


—_ ab pk ed 


Latitude 


i iii 
06 29.3 
09 57.4 
13/202 
LOM 7-3 
19 48.2 


22 52.4 


1.463 1372 
1.458 2635 
1.453 4694 
1.448 7032 
1.444 1529 


1.439 6468 
1.435 2531 
1.430 9798 
1.426 8349 
1.422 8264 


1.418 9619 
1.415 2491 
1.411 6954 
1.408 3079 
1.405 0937 


1.402 0593 
1399s 
1.396 5556 
1.394 0979 
1.391 8437 


-389 7978 
-387 9647 
-386 3487 
-384 9532 
-383 7814 


pak a psn ak fl 


382 8360 
382 1191 
-381 6324 
381 3769 
-381 3533 


-381 5615 
382 0011 
-382 6710 
383 5697 
-384 6952 


-386 0447 
-387 6154 
-389 4036 
-391 4053 
393 6160 


-396 0309 
398 6448 
-401 4519 
404 4463 
1.407 6216 


Sh 


1.410 9712 
1.414 4883 


MEAN EQUINOX AND ECLIPTIC OF DATE 


True 
Heliocentric Date Longitude Latitude 
Distance 
au (Oo; lf 1 ° ff 1 


PE) Nhe 
24 29 25.0 
26 52 44.6 
DIM SAS 3 
BI Box59.9 


33 57 45.4 
36 17 43.0 


99 30 06.5 
101 24 31.2 
103 18 19.5 
105 11 32.6 


+e et Fttee FHHEtH FHtHHt Fett Ftttt 


+ + 


0 51 19.6 
0 47 09.4 
0 42 55.7 
0 38 38.9 
0 34 19.7 


0 29 58.6 
0 25 36.1 
On Te2e7 
0 16 49.0 
On12825%3 


0 08 02.2 
0 03 40.1 


+ 0 00 40.6 


0 04 59.4 
0 09 16.1 


See ee 
_ 
AS 
i 
tO W CO BD CO 
NDAeK NN 


— ke 
N 
~ 
WN nb 


True 
Heliocentric 
Distance 


au 


1.418 1656 
1.421 9959 
1.425 9716 
1.430 0849 
1.434 3281 


1.438 6931 
1.443 1719 
1.447 7565 
1.452 4386 
1.457 2101 


1.462 0627 
-466 9885 
-471 9791 
-477 0266 
-482 1230 


femesh ~~ fh fom 


-487 2603 
-492 4308 
-497 6267 
.502 8405 
-508 0647 


71382920 
2588S 152 
-523 7274 
-528 9216 
-534 0912 


a a 


.539 2296 
544 3305 
549 3878 
-554 3953 
559 3473 


em fh mmc) fem fae 


564 2382 
-569 0625 
-573 8148 
-578 4900 
-583 0833 


— ee et et 


-587 5899 
-592 0051 
.596 3246 
-600 5441 
-604 6595 


-608 6670 
-612 5627 
-616 3431 
-620 0048 
1.623 5444 


— 


1.626 9589 
1.630 2454 


JUPITER, SATURN, URANUS, NEPTUNE, 2009 E15 


HELIOCENTRIC POSITIONS FOR 0° TERRESTRIAL TIME 
MEAN EQUINOX AND ECLIPTIC OF DATE 


: { True | True 
Longitude Latitude Heliocentric Date Longitude Latitude Heliocentric 
Distance Distance 


JUPITER SATURN 
Om of 1 One af 1 au ‘Ounwh // OQ i / au 
Jan. —1] 302 12 13.7 |— 0 28 49.1 5.114 879 |Jan. —1] 165 59 31.3 | + 1 58 02.0 9.366 562 
9| 303 03 47.8 |— 0 29 54.4 5.111 364 9) 166 20 19.3 | + 158 34.9 9.369 447 
19} 303 55 26.3 |— 0 30 59.3 5.107 867 19} 166 41 06.5 | + 1 59 07.7 9.372 338 
29) 304 47 08.9 |— 0 32 03.9 5.104 387 29 GTO S320 ES SOOM 9.375 234 
Feb. SMS 05888 OSa8iili— ONS Sal 5.100 928 |Feb. Si l67 2238.85 | 2 0OM22 Q)3)ife) 3s) 
18} 306 30 46.9 |— 0 34 12.0 5.097 488 18} 167 43 23.7 | + 2 00 44.1 9.381 041 
28) 307 22 42°3.\\— 0:35 15:5 5.094 069 DSi GSiO41072 9m ae 2 Ole Seg 9.383 952 
Mar. 10} 308 14 41.8 |— 0 36 18.5 5.090 673 |Mar. 10} 168 24 51.3 | + 2 01 47.0 9.386 867 
20 R309 106V45-501 | OLS ole?) 5.087 298 QO WG8t45) 33298 es 20D S20) 9.389 787 
30) 309S8553.4™ = 07382305 5.083 947 30} 169 06 15.8 | + 2 02 48.7 S92 TN 
Apr. OP SO SIRO S 4A ONS 925.3 5.080 620 | Apr. 9} 169 26 56.9 DROS 9.395 639 
19} 311 43 21.5 |— 0 40 26.6 5.077 318 OC OTAT STE OB T4983 D393 Si? 
DO BI235: 4 Se OWA 275 5.074 041 29) 170 08 16.7 2 04 19.2 9.401 508 
May 9}),313) 28 060m se 0:42 27.8 5.070 791 |May 9} 170 28 55.5 | + 2 04 48.8 9.404 449 
19} 314 20 34.4 |— 0 43 27.6 5.067 568 I NGO 4D Baise" || S22. Oy ilesell 9.407 394 
29} 315 13 06.7 |— 0 44 26.9 5.064 373 A SUL MONO Hs || se POs Abia 9.410 342 
June 8] 31605 43.1 |— 0 45 25.7 5.061 206 |June SH BORAT | ete Onls).8 9.413 294 
18} 316 58 23.4 |— 0 46 23.9 5.058 069 18) 17st 22779 a 2 06.442) 9.416 251 
DSB SM OTe | —* OFAT 215 5.054 962 D872 WihesisGm | 2 Ogle, 9.419 211 
July 8] 318 43 55.8 |— 0 48 18.5 5.051 885 |July Sil 72 32531 sie 2 OV OLD 9.422 174 
18] 319 36 47.8 |— 0 49 14.9 5.048 841 Ge SS OS |) se 2 OS Wei 9.425 141 
28) 320 29 43.6 |— 050 10.6 5.045 828 S| MWh IS) Bis) apse 2 US Sar 9.428 112 
Aug. Tl STAs S| Ovo OSe8 5.042 850 |Aug. 7) 173 3409.2 | + 2 09 02.0 9.431 086 
17 [322-05 46:7 1— 052 00.2 5.039 905 17} 173 54 40.2 | + 2 09 28.7 9.434 063 
27| 323 08 53.8 |— 0 52 54.0 5.036 994 DIV O74 WS AMO-A Ss > 2 09%5520 9.437 043 
Sept. 6| 32402 04.6 |— 0 53 47.0 5.034 120 | Sept. Ob 74 Boose let 2 LORI 9.440 027 
16] 32455 19.0 |— 0 54 39.4 5.031 281 16] 174 56 08.5 | + 2 10 46.9 9.443 013 
26|9325°43 37,0 Ulan sil 0) 5.028 480 IK we SUAS. Gy Sal se 2 ly Ae 9.446 001 
Oct. 6] 326 41 58.6. |— 0 56 21.9 5.025 717 Oct 6| MiSs 7 03.45 se 2a 3756 9.448 993 
16}P327235) 237 — ONS 1220) 5.022 992 16 S57 2958 | 22 0226 9.451 987 
26| 328 28 52.3 |— 0 58 01.4 5.020 306 Pho) AGA WI Sois3) |) se 2, 2 9.454 983 
Nov. 5} 329 22 24.4 |— 0 58 49.9 5.017 660 | Nov. Sil 76382202 Wales 2 2 S1e5 9.457 981 
ISSN BYBKO IS) SEE nS ETT 5.015 055 1S |epliOsS SRA 4am metals) 9.460 981 
Da Sal 0988.5) || 0024.6 5.012 491 DS AGE ID Ojlesua|lese ® NB 39.3} 9.463 983 
Dec 32103 026 aa ONO 5.009 969 {Dec SI 177 39 2958 24 0257, 9.466 987 
TSE 332557 (05590))== 01 S620 5.007 490 IS PRU SOWDIES Er 2142558 9.469 992 
25| 333 50 54.4 |— 1 02 40.3 5.005 053 25| 178 20 12.4 | + 2 14 48.7 9.473 000 
35! 334 44 46.0 !'— 1 03 23.8 5.002 661 BSUS 402 Foe 2 Ahm: 9.476 009 
URANUS NEPTUNE 
fo) if // ° / // au O° / I fe) / // au 
Jan. —31] 351 30 10.5 |— 0 45 56.3 |20.098 68 Agere, Sh) BY OO Pail | OA WS NBKO ADS 7 
Jan. ON 351 5556.0" | 20145 53,0) 1202098 179 Jan OS 32314389522 0 leases | S0L088) 79) 
Feb. 18) 352070 4187 |= 0945 S057" 120.098 83 Feb 18] 323 58 22.4 |— 022 14.5 {30.032 80 
Mar. 30] 352 47 27.4 |— 045 47.6 |20.098 82 Mar. 30] 324 1252.7 |— 0 22 40.6 {30.031 80 
May 9) 353 13 13.2 |— 0 45 44.4 |20.098 74 May 919324 27-2351 |= 0 2320657 302080179 
June 18] 353 38 59.2 |— 045 41.0 | 20.098 59 June 18) 324 4153.6 |-— 0 2332.7 30.029 77 
July 28] 354 04 45.4 |— 0 45 37.5 |20.098 39 July = 23/9324 56.24.2 .|— 0/23'58.8 | 130.028, 73 
Sept. 6| 354 30 31.6 |— 0 45 33.8 |20.098 11 Sept 6} 325 10 54.9 |— 0 24 24.8 |30.027 67 
Oct. 16] 35456 18.1 |— 0 45 30.0 |20.097 76 Oct 16] 325 25 25.6 |— 0 24 50.8 {30.026 60 
Nov. 25} 355 22 04.6 |— 045 26.0 |20.097 35 |Nov. 25] 325 3956.3 |— 025 16.7 130.025 52 
Dec. 35] 35547 51.3 |— 045 21.9 |20.096 87 Dec. 35} 325 5427.2 |~— 025 42.7 {30.024 42 


E16 MERCURY, 2009 
GEOCENTRIC COORDINATES FOR 0° TERRESTRIAL TIME 
lf 
Apparent aN True Apparent i t True 
: pparent ; ; pparen ; 
Date Right Se Geocentric Date Right eB Geocentric 
Ascension Declination Distance Ascension Declination Distance 
bh Amy, <s Oy WI h m Ss o 7 wT 
Jan. 0 | 20 02 30.480 | —22 11 35.58 | 1.100 7364 | Feb. 15 | 20 10 03.390 | —19 52 28.54 | 0.998 6279 
1 | 2007 56.984 | —21 48 05.12 | 1.077 3510 16 | 20 14 40.522 | —19 47 58.37] 1.014 2617 
2 | 20 13 07.180 | —21 23 45.94 | 1.053 2123 17 | 20 19 26.534 | —19 42 13.65 | 1.029 5949 
3 | 20 17 58.753 | —20 58 48.61 | 1.028 3789 18 | 20 24 20.648 | —19 35 13.78 | 1.044 6198 
4 | 20 22 29.145 | —20 33 25.41 | 1.002 9284 19 | 20 29 22.161 | —19 26 58.30 | 1.059 3309 
5 | 20 26 35.553 | —20 07 50.52 | 0.976 9608 20 | 20 34 30.439 | —19 17 26.82 | 1.073 7241 
6 | 20 30 14.950 | —19 42 19.99 | 0.950 6007 21 | 20 39 44.908 | —19 06 39.04 | 1.087 7967 
7 | 20 33 24.118 | —19 17 11.76 | 0.924 0002 22 | 20 45 05.048 | —18 54 34.71 | 1.101 5470 
8 | 20 35 59.714 | —18 52 45.47 | 0.897 3407 23 | 20 50 30.393 | —18 41 13.68 | 1.114 9742 
9 | 20 37 58.365 | —18 29 22.17 | 0.870 8336 24 | 20 56 00.523 | —18 26 35.84 | 1.128 0779 
10 | 20 39 16.811 | —18 07 23.80 | 0.844 7198 25 | 2101 35.062 | —18 1041.11 | 1.140 8582 
11 | 2039 52.088 | —17 47 12.51 | 0.819 2676 26 | 21 07 13.671 | —17 53 29.48 | 1.153 3156 
12 | 20 39 41.756 | —17 29 09.68 | 0.794 7674 27 | 21 12 56.052 | —17 35 00.97 | 1.165 4503 
13 | 20 38 44.179 | —17 13 34.86 | 0.771 5256 28 | 21 18 41.938 | —17 15 15.63 | 1.177 2629 
14 | 20 36 58.809 | —17 00 44.54 | 0.749 8544 | Mar. 1] 21 2431.094| —1654 13.55 | 1.188 7536 
15 | 20 34 26.482 | —16 50 50.90 | 0.730 0607 2 | 21 30 23.315 | —1631 54.84] 1.199 9223 
16 | 20 31 09.660 | —16 44 00.77 | 0.712 4320 3] 21 36 18.423 | —16 08 19.63 | 1.210 7686 
17 | 20 27 12.572 | —16 40 14.86 | 0.697 2225 4 | 21 42 16.262 | —15 43 28.10 | 1.221 2916 
18 | 20 22 41.229 | —16 39 27.57 | 0.684 6394 5 | 21 48 16.703 | —15 17 20.41 | 1.231 4896 
19 | 20 17 43.237 | —16 41 27.32 | 0.674 8309 6 | 2154 19.638 | —14 49 56.77 | 1.241 3602 
20 | 20 12 27.443 | —16 45 57.54 | 0.667 8781 7 | 22 00 24.980 | —14 21 17.38 | 1.250 9001 
21 | 20 07 03.413 | —16 52 38.07 | 0.663 7917 8 | 22 06 32.663 | —13 51 22.47 | 1.260 1050 
2 | 20 01 40.824 | —17 01 06.84 | 0.662 5136 9 | 22 12 42.641 | —13 2012.27 | 1.268 9693 
23 | 19 56 28.861 | —17 11 01.42 | 0.663 9236 10 | 22 18 54.888 | —12 47 47.03 | 1.277 4863 
24 | 1951 35.693 | —17 22 00.36 | 0.667 8501 11 | 22 25 09.397 | —12 1407.02 | 1.285 6476 
25 | 19 47 08.110 | —17 33 44.03 | 0.674 0835 12 | 2231 26.178 | —11 39 12.55 | 1.293 4434 
26 | 19 43 11.330 | —17 45 55.14 | 0.682 3895 13 | 22 37 45.254 | —11 03 03.97 | 1.300 8621 
27 | 19 39 48.983 | —17 58 18.76 | 0.692 5223 14 | 22 44 06.666 | —10 25 41.68 | 1.307 8903 
28 | 19 37 03.224 | —18 10 42.23 | 0.704 2354 15 | 2250 30.465 | -- 94706.14} 1.3145125 
29 | 19 34 54.932 | —18 22 54.88 | 0.717 2910 16 | 22 56 56.716 | — 907 17.87 | 1.3207112 
30 | 19 33 23.954 | —18 34 47.67 | 0.731 4654 17 | 23 03 25.494 | — 8 2617.49 | 1.326 4665 
31 | 19 32 29.348 | —18 46 12.93 | 0.746 5530 18 | 23 09 56.885 | — 7 44 05.69 | °1.331 7559 
Feb. 1 | 1932 09.612 | —18 57 04.09 | 0.762 3690 19 | 23 16 30.985 | — 700 43.29 | 1.336 5543 
2 | 19 32 22.875 | —19 07 15.46 | 0.778 7491 20 | 23 23 07.899 | — 6 1611.23 | 1.340 8337 
3 | 19 33 07.052 | —19 16 42.12 | 0.795 5491 21 | 23 29 47.735 | — 5 3030.62) 1.344 5630 
4 | 19 34 19.966 | —19 25 19.72 | 0.812 6445 22 | 23 36 30.609 | — 443 42.76 | 1.347 7079 
5 | 19 35 59.432 | —19 33 04.47 | 0.829 9278 23 | 23 43 16.636 | — 355 49.17] 1.350 2307 
6 | 19 38 03.320 | —19 39 53.00 | 0.847 3075 24 | 2350 05.929 | — 3 0651.63 | 1.352 0901 
7 | 19 40 29.593 | —19 45 42.34 | 0.864 7061 25 | 23 56 58.597 | — 2 1652.28 | 1.353 2415 
8 | 19 43 16.334 | —19 50 29.86 | 0.882 0583 26! 003 54.738 | — 1 2553.58] 1.353 6365 
9 | 19 46 21.756 | —19 54 13.25 | 0.899 3093 27 | 01054.432 | — 033 58.46 | 1.353 2237 
10 | 19 49 44.212 | —19 56 50.45 | 0.916 4136 28 | 01757.736| + 018 49.66 | 1.351 9483 
11 | 1953 22.187 | —19 58 19.67 | 0.933 3335 29} 025 04.679 | + 1 1226.78} 1.349 7532 
12 | 1957 14.298 | —19 58 39.34 | 0.950 0379 30 | 032 15.246] + 206 48.22} 1.346 5792 
13 | 2001 19.283 | —19 57 48.11 | 0.966 5013 Sil 0 39 29.376 | + 301 48.59 | 1.342 3661 
14 | 20 05 35.995 | —19 55 44.84 | 0.982 7035 | Apr. 1 0 46 46.940 | + 357 21.81] 1.337 0537 
15 | 20 10 03.390 | —19 52 28.54 | 0.998 6279 2| 05407.735 | + 453 20.65 | 1.330 5837 


MERCURY, 2009 Ely 


GEOCENTRIC COORDINATES FOR 0° TERRESTRIAL TIME 


Apparent Apparent 


‘ Apparent True . : Apparent True 
Date Right Keane Geocentric | Date Right D = i Geocentric 
Ascension Distance Ascension ecunation Distance 


hems ks / w" 


0 46 46.940 | + 357 21.81 


Mt 


h em) «s 


May 17 | 3 45 11.562 | +19 18 13.18 | 0.555 7219 


Apr. 1 1.337 0537 

2 | 054 07.735 | + 453 20.65 | 1.330 5837 18 | 3 43 05.650 | +18 53 24.34 | 0.552 9658 
3 | 101 31.484 | + 5 49 37.10 | 1.322 9010 19 | 3 40 58.365 | +18 28 30.35 | 0.551 3962 
4 | 10857.813 | + 6 4602.20 | 1.313 9562 20 | 3 38 52.072 | 4-18 03 48.91 | 0.551 0001 
5 | 116 26.241 | + 742 26.04 | 1.303 7078 21 | 3 36 49.056 | +17 39 37.66 | 0.551 7593 
6 | 123:56.179 | + 838 37.76 | 1.292 1245 22 | 3 3451.478 | +17 16 13.65 | 0.553 6511 
TW VSI26919-)) 9913425572 11) 1279 11881 23 | 3 33 01.343 | +1653 53.03 | 0.556 6484 
8 | 138 57.637 | +10 29 37.55 | 1.264 8957 24 | 3 31 20.465 | +16 32 50.68 | 0.560 7207 
9 | 1 46 27.394 | +11 2400.41 | 1.249 2616 25 | 3 29 50.456 | +16 13 19.90 | 0.565 8346 
10) |) 153%S5M45-1) 124072121 | 12323186 26 | 3 28 32.713 | +15 55 32.24 | 0.571 9545 
11 | 201 19.756 | +13 09 26.85 | 1.214 1188 27 | 3 27 28.418 | +15 39 37.37 | 0.579 0433 
12 | 208 40.018 | +14 00 04.56 | 1.194 7334 28 | 3 26 38.545 | +15 25 43.02 | 0.587 0631 
13 | 215 54.669 | +14 49 02.17 | 1.174 2511 29 | 3 26 03.874 | +15 13 55.04 | 0.595 9755 
14 | 223 02.425 | +15 36 08.36 | 1.152 7762 30 | 3 25 45.004 | +15 04 17.46 | 0.605 7424 
15 | 2 3001.995 | +16 21 12.93 | 1.130 4259 31 | 3.25 42.376 | +1456 52.61 | 0.616 3262 
16 | 236 52.108 | +17 04 06.94 | 1.107 3266 | June 1) 3 25 56.288 | +1451 41.31 | 0.627 6904 
17 | 2.43 31.531 | +17 44 42.82 | 1.083 6108 2 | 3 26 26.916 | +14 48 42.98 | 0.639 7993 
18 | 249 59.084 | +18 22 54.38 | 1.059 4132 3 | 327 14.335 | +14 47 55.86 | 0.652 6189 
19 | 256 13.648 | +18 58 36.82 | 1.034 8680 4 | 3 28 18.538 | +1449 17.15 | 0.666 1165 
20 | 3 02 14.174 | +19 31 46.61 | 1.010 1056 5 | 329 39.450 | +14 52 43.19 | 0.680 2610 
21 | 307 59.680 | +20 02 21.37 | 0.985 2510 6 | 331 16.952 | +1458 09.61 | 0.695 0225 
22 | 3 13 29.256 | +20 30 19.74 | 0.960 4221 7 | 3 33 10.889 | +15 05 31.42 | 0.710 3728 
23 | 3 18 42.054 | +2055 41.21 | 0.935 7286 8 | 335 21.087 | +15 14 43.21 | 0.726 2848 
24 | 3 23 37.292 | +21 18 25.93 | 0.911 2718 9 | 3 37 47.362 | +15 25 39.15 | 0.742 7324 
25 | 328 14.243 | +21 38 34.62 | 0.887 1442 10 | 3 40 29.532 | +15 38 13.13 | 0.759 6906 
26 | 3 32 32.234 | +21 5608.35 | 0.863 4304 11 | 3 43 27.425 | +15 52 18.83 | 0.777 1348 
27 | 3 36 30.645 | +22 11 08.50 | 0.840 2070 12 | 3 46 40.882 | +16 07 49.70 | 0.795 0406 
28 | 3 40 08.909 | +22 23 36.59 | 0.817 5440 13 | 3 50 09.767 | +16 24 39.08 | 0.813 3837 
29 | 3 43 26.516 | +22 33 34.26 | 0.795 5049 14 | 353 53.966 | +16 42 40.14 | 0.832 1395 
30 | 3 46 23.020 | +22 41 03.18 | 0.774 1478 15 | 357 53.392 | +1701 45.93 | 0/851 2821 
May 3 48 58.049 | +22 46 05.06 | 0.753 5262 16 | 402 07.987 | +17 21 49.35 | 0.870 7849 


17 | 406 37.721 | +17 42 43.18 | 0.890 6191 
18 | 411 22.589 | +18 04 19.99 | 0.910 7537 
19 | 4 16 22.610 | +18 26 32.18 | 0.931 1549 
20 | 421 37.825 | +18 49 11.90 | 0.951 7855 


1 

2 | 351 11.317 | +22 48 41.68 | 0.733 6896 
3 | 353 02.637 | +22 48 54.89 | 0.714 6841 
4 | 354 31.942 | +22 46 46.69 | 0.696 5528 
5 | 355 39.296 | +22 42 19.36 | 0.679 3363 


21 | 427 08.288 | +19 12 11.02 | 0.972 6043 
22 | 432 54.059 | +19 35 21.10 | 0.993 5653 
23 | 438 55.202 | +19 58 33.36 | 1.014 6174 
24 | 445 11.767 | +20 21 38.58 | 1.035 7035 
25 | 451 43.788 | +20 44 27.14 | 1.056 7602 


6 | 3.56 24.917 | +22 35 35.52 | 0.663 0731 
7 | 356 49.195 | +22 26 38.35 | 0.647 7995 
8 | 356 52.711 | +22 15 31.67 | 0.633 5496 
9 | 356 36.248 | +22 02 20.21 | 0.620 3555 
0 | 356 00.809 | +21 47 09.70 | 0.608 2470 


26 | 458 31.262 | +21 06 48.96 | 1.077 7172 
27 | 5.05 34.141 | +21 28 33.52 | 1.098 4968 
28 | 5 1252.306 | +21 49 29.83 | 1.119 0139 
29 | 5 20 25.551 | +22 09 26.56 | 1.139 1764 
30 | 5 28 13.561 | +22 28 12.00 | 1.158 8851 


11 | 355 07.623 | +21 3007.15 | 0.597 2510 
12 | 353 58.144 | +21 11 20.90 | 0.587 3916 
13 | 352 34.046 | +2051 00.82 | 0.578 6895 
14 | 350 57.209 | +20 29 18.33 | 0.571 1614 
15 | 349 09.691 | +20 06 26.39 | 0.564 8198 


16 | 347 13.703 | +19 42 39.44 | 0.559 6724 
17 | 345 11.562 | +19 18 13.18 | 0.555 7219 


July 1 | 5 36 15.887 | +22 45 34.26 | 1.178 0354 
2 | 544 31.932 | +23 01 21.37 | 1.196 5181 


GEOCENTRIC COORDINATES FOR 0" TERRESTRIAL TIME 


E18 
Apparent 
Date Right 
Ascension 


July 


Aug. 


i mi) is: 

5 36 15.887 
5 44 31.932 
5 53 00.933 
6 01 41.949 
6 10 33.863 


6 19 35.380 
6 28 45.048 
6 38 01.281 
6 47 22.391 
6 56 46.631 


7 06 12.240 
7 15 37.486 
7 25 00.711 
7 34 20.370 
7 43 35.052 


7 52 43.505 
8 O1 44.653 
8 10 37.590 
8 19 21.580 
8 27 56.043 


8 36 20.545 
8 44 34.783 
8 52 38.565 
9 00 31.802 
9 08 14.485 


9 15 46.674 
9 23 08.481 
9 30 20.061 
9 37 21.596 
9 44 13.292 


9 50 55.365 
9 57 28.038 
10 03 51.536 
10 10 06.080 
10 16 11.885 


10 22 09.153 
10 27 58.077 
10 33 38.832 
10 39 11.576 
10 44 36.451 


10 49 53.574 
10 55 03.044 
11 00 04.933 
11 04 59.288 
11 09 46.130 


11 14 25.448 
11 18 57.201 


MERCURY, 2009 


Apparent 
Declination 


+22 45 34.26 
+2301 21.37 
+23 15 21.49 
+23 27 23.16 
+23 37 15.54 


+23 44 48.70 
+23 49 53.94 
+23 52 24.02 
+23 52 13.40 
+23 49 18.39 


+23 43 37.26 
+23 35 10.20 
1-23: 231599071. 
+23 10 08.19 
+22 53 42.12 


+22 34 47.61 
+22 13 32.07 
+21 50 03.67 
+21 24 31.00 
+20 57 02.94 


+20 27 48.44 
+19 56 56.33 
+19 24 35.28 
+18 50 53.63 
U8 155939 


+17 40 00.17 
+17 03 03.18 
+1625 15.23 
+15 46 42.73 
+15 07 31.68 


+14 27 47.75 
+13 47 36.23 
+13 07 02.10 
+12 26 10.05 
+11 45 04.49 


+11 03 49.60 
+10 22 29.35 
+ 941 07.52 
+ 859 47.74 
+ 8 18 33.47 


TS. 28h 
6 56 34.95 
Gals 57,21 
595.551 
4 55 40.83 


4 16 08.60 
3 37 04.67 


++ +4444 


True | 
Geocentric 
Distance 


1.178 0354 
1.196 5181 
1.214 2218 
1.231 0351 
1.246 8498 


1.261 5637 
1.275 0841 
1.287 3310 
1.298 2396 
1.307 7625 


1.315 8709 
153225550 
1.327 8231 
1.331 7005 
1.334 2273 


1.335 4556 
1.335 4472 
1.334 2708 
1.331 9992 
1.328 7072 


1.324 4698 
1.319 3605 
1.313 4503 
1.306 8067 
1.299 4930 


1.291 5683 
1.283 0871 
1.274 0991 
1.264 6497 
1.254 7796 


1.244 5258 
1-233 9212 
1.222 9949 
EAE gfy/eyil 
1.200 2788 


1.188 5322 
PL7Gi95 12) 
1.164 3514 
1.151 9464 
1.139 3482 


1.126 5673 
1.113 6126 
1.100 4922 
1.087 2132 
1.073 7818 


1.060 2038 
1.046 4844 


Date 


Apparent 
Right 
Ascension 


Apparent 
Declination 


Sept. 


Oct. 


biim 9s: 

11 18 57.201 
NIPZS AB 1S 
11 27 37.673 
11 31 46.133 
11 35 46.507 


11 39 38.565 
11 43 22.038 
11 46 56.608 
11 50 21.912 
11 53 37.530 


11 56 42.992 
1591375769 
LTO N2713 
12 04 52.858 
12 07 11.814 


12 09 17.375 
12 11 08.716 
12 12 44.958 
12 14 05.181 
12 15 08.430 


12 15 53.736 
12 16 20.139 
12 16 26.717 
12 16 12.628 
L2ASB71ST. 


12 14 39.779 
12 13 20.224 
12 11 38.561 
12 09 35.278 
12 07 11.371 


12 04 28.421 
12 01 28.658 
11 58 14.999 
11 54 51.045 
11 51 21.034 


11 47 49.744 
11 44 22.341 
11 41 04.192 
11 38 00.644 
11 35 16.805 


11 3257325 
11 31 06.227 
11 29 46.764 
11 29 01.346 
11 28 51.508 


11 29 17.927 
11 30 20.486 


++ +4+4+4++ 41 


3 37 04.67 
258 32.39 
2 20 35.18 
1 43 16.62 
1 06 40.41 


0 30 50.46 
0 04 09.12 
0 38 13.97 
1 11 19.45 
1 43 20.57 


2AM TOF, 
2 43 47.87 
3 12 02.01 
3 38 47.62 
4 03 57.34 


4 27 23.22 
4 48 56.61 
5 08 28.19 
5 25 47.90 
5 40 44.97 


S53 0795 
6 02 44.81 
6 09 23.05 
6 12 49.96 
6125291 


6 09 19.85 
6 01 59.89 
5 50 44.03 


TD LONE 


5 16 03.83 


4 52 39.83 
4 25 22.86 
3 54 28.66 
3 20 20.64 
2 43 30.10 


2 04 35.80 
1 24 22.97 
0 43 41.66 
0 03 24.58 
0353523 


1 12 26.87 
1 46 23.65 
2 16 44.85 
2 42 56.85 
3 04 33.72 


3211732 
3 32 57.02 


True . 
Geocentric 
Distance 


1.046 4844 
1.032 6287 
1.018 6419 
1.004 5292 
0.990 2962 


0.975 9493 
0.961 4957 
0.946 9438 
0.932 3031 
0.917 5852 


0.902 8033 
0.887 9730 
0.873 1122 
0.858 2423 
0.843 3877 


0.828 5772 
0.813 8439 
0.799 2261 
0.784 7681 
0.770 5207 


0.756 5420 
0.742 8982 
0.729 6645 
0.716 9257 
0.704 7765 


0.693 3227 
0.682 6805 
0.672 9770 
0.664 3487 
0.656 9410 


0.650 9053 
0.646 3963 
0.643 5680 
0.642 5692 
0.643 5376 


0.646 5946 
0.651 8390 
0.659 3418 
0.669 1417 
0.681 2416 


0.695 6069 
0.712 1652 
0.730 8073 
0.751 3899 
0.773 7391 


0.797 6547 
0.822 9156 


GEOCENTRIC COORDINATES FOR 0° TERRESTRIAL TIME 


MERCURY, 2009 


Apparent 
Date Right aN) arent 
i INeconnion Declination 
hi ims es ov 1 

Oct. 1 | 11 30 20.486 | + 3 3257.02 
2 | 1131 58.356 | + 3 39 29.05 
3 | 1134 10.106 | + 3 4055.82 
4 | 11 36 53.819 | + 3 37 24.97 
5 | 11 40 07.215 | + 3 2908.51 
6 | 11 43 47.766 | + 3 16 21.95 
7 | 1147 52.807 | + 259 23.40 
8 | 1152 19.632 | + 2 38 32.78 
9 | 1157 05.578 | + 2 1411.12 
10 | 12 02 08.091 | + 1 46 39.86 
11 | 1207 24.778 | + 1 16 20.34 
12 | 12 12 53.439 | + 0 43 33.35 
13 | 12 18 32.090 | + 0 08 38.74 
14 | 12 24 18.970 | — 0 28 04.78 
15 | 1230 12.541 | — 1 06 19.84 
16 | 12 36 11.477 | — 145 50.46 
17 | 12 42 14.650 | — 2 26 22.13 
18 | 12 48 21.116 | — 307 41.72 
19 | 1254 30.088 | — 3 49 37.45 
20 | 13 00 40.925 | — 431 58.82 
21 | 13 0653.110 | — 5 14 36.46 
222\13 13°06235" | -==5'57- 22.11 
23 | 1319 19.981 | — 6 40 08.42 
24 | 13 25 34.110 | — 7 22 48.91 
25 | 13 31 48.449 | — 805 17.87 
26 | 13 38 02.881 | — 8 47 30.24 
27 | 13 44 17.335 | — 929 21.54 
28 | 13 50 31.776 | —10 10 47.79 
29 | 13 56 46.202 | —10 51 45.48 
30 | 14.03 00.635 | —11 32 11.44 
31 | 1409 15.117 | —12 12 02.85 
Nov. 1 | 14 15 29.706 | —1251 17.16 
2 | 1421 44.473 | —13 29 52.07 
3 | 142759.495 | —1407 45.45 
4] 1434 14.857 | —14 44 55.34 
5 | 14 40 30.647 | —15 21 19.70 
6 | 14 46 46.995 | —15 56 57.84 
7 | 1453 03.898 | —16 31 47.03 
8 | 1459 21.504 | —17 05 46.06 
9 | 15 05 39.888 | —17 38 53.50 
10 | 15 11 59.130 | —18 11 07.91 
11 | 15 18 19.306 | —18 42 27.90 
12 | 15 24 40.487 | —19 12 52.09 
13 | 15 31 02.736 | —19 42 19.14 
14 | 15 37 26.110 | —20 10 47.72 
15 | 15 43 50.656 | —20 38 16.52 
16 | 1550 16.410 | —21 04 44.21 


ike 
Geocentric 
Distance 


0.822 9156 
0.849 2859 
0.876 5203 
0.904 3710 
0.932 5935 


0.960 9528 
0.989 2282 
ONG) OMNI 
1.044 7415 
1.071 6434 


1.097 7921 
1.123 0808 
1.147 4258 
1.170 7653 
1.193 0563 


1.214 2727 
1.234 4027 
1.253 4458 
1.271 4112 
1.288 3152 


1.304 1797 
1.319 0303 
1.332 8953 
1.345 8048 
1.357 7892 


1.368 8793 
1.379 1053 
1.388 4964 
1.397 0810 
1.404 8859 


1.411 9365 
1.418 2566 
1.423 8685 
1.428 7926 
1.433 0479 


1.436 6516 
1.439 6192 
1.441 9648 
1.443 7008 
1.444 8381 


1.445 3865 
1.445 3540 
1.444 7477 
1.443 5733 
1.441 8352 


1.439 5371 
1.436 6812 


E19 
Apparent Apparent True | 
Right ey De Geocentric 
Ascension Declination Distance 
hy) ms © F 1 

15 50 16.410 | —21 04 44.21 | 1.436 6812 
15 56 43.397 | —21 30 09.48 | 1.433 2689 
16 03 11.630 | —21 54 30.99 | 1.429 3004 
16 09 41.110 | —22 17 47.42 | 1.424 7751 
16 16 11.824 | —22 3957.41 | 1.419 6912 
16 22 43.744 | —23 00 59.62 | 1.414 0461 
16 29 16.829 | —23 20 52.68 | 1.407 8362 
16 35 51.020 | —23 39 35.21 | 1.401 0568 
16 42 26.241 | —23 5705.86 | 1.393 7025 
16 49 02.393 | —24 13 23.25 | 1.385 7670 
16 55 39.360 | —24 28 26.00 | 1.377 2429 
17 02 16.999 | —24 42 12.78 | 1.368 1220 
17 08 55.143 | —24 54 42.23 | 1.358 3955 
17 15 33.595 | —25 05 53.06 | 1.348 0536 
17 22 12.126 | —25 15 43.98 | 1.337 0859 
17 28 50.473 | —25 24 13.77 | 1.325 4812 
17 35:28:332") = 25 30 21.23 313 2280 
17 42 05.356 | —25 37 05.42 | 1.300 3139 
17 48 41.146 | —25 41 25.19 | 1.286 7264 
17 55 15.250 | —25 44 19.72 | 1.272 4528 
18 O01 47.154 | —25 45 48.25 | 1.257 4802 
18 08 16.275 | —25 45 50.23 | 1.241 7962 
18 14 41.952 | —25 44 25.30 | 1.225 3892 
18 21 03.438 | —25 41 33.38 | 1.208 2484 
18 27 19.884 | —25 37 14.71 | 1.190 3652 
18 33 30.328 | —25 31 29.89 | 1.171 7331 
18 39 33.679 | —25 24 19.98 | 1.152 3492 
18 45 28.698 | —25 15 46.56 | 1.132 2147 
18 513.987 | —25'05 51.79.) 1.1113365 
18 56 47.962 | —24 54 38.54 | 1.089 7284 
19 02 08.835 | —24 42 10.48 | 1.067 4130 
19 07 14.599 | —24 28 32.16 | 1.044 4236 
19 12 03.001 | —24 13 49.15 | 1.020 8067 
19 16 31.533 | —23 58 08.14 | 0.996 6240 
19 20 37.419 | —23 41 37.01 | 0.971 9561 
19 24 17.621 | —23 24 24.90 | 0.946 9048 
19 27 28.850 | —23 06 42.25 | 0.921 5965 
19 30 07.613 | —22 48 40.72 | 0.896 1851 
19 32 10.285 | —22 30 33.06 | 0.870 8545 
19 33 33.226 | —22 12 32.89 | 0.845 8201 
19 34 12.951 | —21 54 54.27 | 0.821 3292 
19 34 06.362 | —21 3751.29 | 0.797 6597 
19 33 11.039 | —21 21 37.38 | 0.775 1154 
19 31 25.586 | —21 06 24.69 | 0.754 0197 
19 28 50.013 | —20 52 23.50 | 0.734 7041 
19 25 26.089 | —20 39 41.69 | 0.717 4952 
19 21 17.626 | —20 28 24.62 | 0.702 6976 


Apparent 
Right 
Ascension 


Apparent 


Declinat Geocentric 
eclination Tieeance 


True 


aa 


hi 7m ««s 

0 26 01.570 
0 28 00.955 
0 29 55.282 
0 31 44.365 
0 33 28.007 


0 35 06.005 
0 36 38.151 
0 38 04.227 
0 39 24.014 
0 40 37.286 


041 43.813 
0 42 43.365 
0 43 35.710 
0 44 20.619 
0 44 57.865 


0 45 27.229 
0 45 48.501 
0 46 01.487 
0 46 06.009 
0 46 01.915 


0 45 49.082 
0.45 27.424 
0 44 56.897 
0 44 17.504 
0 43 29.302 


0 42 32.402 
041 26.974 
0 40 13.250 
0 38 51.524 
0 37 22.154 


0 35 45.567 
0 34 02.257 
0 32 12.783 
0 30 17.769 
0 28 17.900 


0 26 13.917 
0 24 06.609 
0 21 56.804 
0 19 45.362 
0 17 33.164 


0 15 21.098 
0 13 10.055 
0 11 00.911 
0 08 54,522 
0 06 51.711 


0 04 53.265 


6 51 01.74 
7 14 30.92 
7 37 31.89 
8 00 03.10 
8 22 02.94 


8 43 29.71 
9 04 21.61 
9 24 36.77 
9 44 13.22 
+10 03 08.90 


++++ 44+4+++4+ 


+10 21 21.64 
+10 38 49.17 
+10 55 29.11 
1 VAT L897, 
tal L2G G7, 


+11 40 18.03 
EL NSS 277 
+12 05 24.52 
+12 16 23.37 
E12 26NS 87, 


+12 34 57.53 
+12 42 26.94 
+12 48 40.71 
+12 53 36.10 
+12 57 10.49 


+12 59 21.49 
+13 00 06.92 
+12 59 24.92 
+12 57 13.95 
+1 253132289 


+12 48 21.06 
+12 41 38.33 
12332507, 
+12 23 42.66 


+-12,12'32459 


+11 59.57.47 
+11 46 00.55 
+11 30 45.79 
+11 1417.91 
+10 56 42.27 


+10 38 04.90 
+10 18 32.36 
tee DSS FS 
+ 9 37 10.44 
te D9 USISO:25 


+ 8 53 37.10 


+-— 


0.459 2921 
0.452 4512 
0.445 6637 
0.438 9331 
0.432 2629 


0.425 6566 
0.419 1181 
0.412 6516 
0.406 2611 
0.399 9514 


0.393 7270 
0.387 5931 
0.381 5551 
0.375 6184 
0.369 7893 


0.364 0740 
0.358 4793 
0.353 0122 
0.347 6803 
0.342 4915 


0.337 4537 
0.332 5755 
0.327 8656 
032393327, 
0.318 9858 


0.314 8338 
0.310 8857 
0.307 1503 
0.303 6363 
0.300 3524 


0.297 3069 
0:294 5079 
0.291 9631 
0.289 6798 
0.287 6649 


0.285 9246 
0.284 4644 
0.283 2892 
0.282 4030 
0.281 8092 


0.281 5101 
0.281 5074 
0.281 8016 
0.282,3927 
0.283 2796 


0.284 4604 


E20 VENUS, 2009 
GEOCENTRIC COORDINATES FOR 0" TERRESTRIAL TIME 
i Apparent Apparent True | 
Date Right Declination Geocentric 
Ascension Distance 
hy mgs oO 4 uy 

Jan. 0 | 2155 44.017 | —14 15 11.87 | 0.795 1647 
1 | 2159 53.724 | —13 49 08.51 | 0.787 8456 
2 | 22 04 01.377 | —13 22 48.70 | 0.780 5155 
3 | 22 08 06.965 | —12 56 13.32 | 0.773 1750 
4 | 22 12 10.479 | —12 29 23.21 | 0.765 8245 
5 | 22 1611.911 | —12 02 19.24 | 0.758 4645 
6 | 22 20 11.250 | —11 35 02.26 | 0.751 0958 
7 | 22 24 08.486 | —11 07 33.15 | 0.743 7190 
8 | 22 28 03.607 | —10 39 52.75 | 0.736 3349 
9 | 22 31 56.602 | —10 12 01.93 | 0.728 9446 
10 | 22 35 47.457 | — 9 4401.53 | 0.721 5488 
11 | 22 39 36.159 | — 915 52.40 | 0.714 1486 
12 | 22 43 22.696 | — 8 47 35.35 | 0.706 7450 
Noni) 22470705 00k —s Sal OEE 0169953387 
14 | 22 50 49.229 | — 750 40.65 | 0.691 9307 
15 | 22 54 29.204 | — 7 22 04.57 | 0.684 5216 
16 | 22 58 06.968 | — 653 23.70 | 0.677 1121 
17 | 23 O01 42.508 | — 6 24 38.83 | 0.669 7029 
18 | 23 05 15.803 | — 555 50.78 | 0.662 2946 
19 | 23 08 46.832 | — 5 2700.34 | 0.654 8877 
20 | 23 12 15.568 | — 458 08.36 | 0.647 4830 
21 | 23 15 41.980 | - 429 15.65 | 0.640 0811 
22 | 23 19 06.035 | — 400 23.08 | 0.632 6827 
23%) 23\22 27.6928, —, 833031510 |f 0.625 2836 
24 | 23 25 46.910 | — 3 02 41.79 | 0.617 8994 
25 | 23 29 03.641 | — 2 3354.83 | 0.610 5161 
26° | 23, 32:17.832016 — 2:05)11-S1 10.603) 1395 
2) 23135 29.4289)" — 136132. 756 059517706 
28 | 23 38 38.367 | — 1 0759.47 | 0.588 4104 
29 | 23 41 44.583 | — 039 32.61 | 0.581 0600 
30 | 23 44 48.003 | — 011 13.13 | 0.573 7206 
31 | 23 47 48.551 | + 0 1658.00 | 0.566 3937 
Feb. 1 | 2350 46.143 | + 044 59.79 | 0.559 0805 
2 | 23 53 40.692 | + 1 1251.23 | 0.551 7827 
3 | 23 56 32.102 | + 140 31.29 | 0.544 5020 
4 | 2359 20.271 | + 207 58.91 | 0.537 2403 
5. 90102 05:092 81 =) 2435811302, 10'52.9'9996 
6 | 004 46.448 | + 302 12.52 | 0.522 7822 
7 | 007 24.221 | + 3 2856.30 | 0.515 5904 
8 | 009 58.284 | + 355 23.21 | 0.508 4266 
9] 01228510 | + 421 32.13 | 0.501 2936 
10 | 01454.765 | + 447 21.90 | 0.494 1939 
11 | 017 16.916 |} + 5 1251.37 | 0.487 1303 
12} 019 34.822 | + 5 3759.34 | 0.480 1055 
13 | 021 48.337 | + 602 44.58 | 0.473 1223 
14} 023 57.307 | + 6 2705.83 | 0.466 1835 
15 | 02601.570 | + 651 01.74 | 0.459 2921 


0 02 59.922 


+ 8 3121.00 


0.285 9323 


GEOCENTRIC COORDINATES FOR 0° TERRESTRIAL TIME 


VENUS, 2009 


E21 


Apparent Apparent 
Date Right pay et ‘ Geaceririe Date Right Apparen ; 
Ascension Declination Distance A chensOn Declination 
a 

Danes oO” "1 Ih Sais Ss Oo ff " 
Apr. 1 0 04 53.265 | + 853 37.10 | 0.284 4604 | May 17 | 0 46 08.897 | + 402 00.45 
2 | 002 59.922 | + 831 21.00 | 0.285 9323 18 | 049 09.345 | + 4 13 53.24 
3 | 001 12.369 | + 808 55.97 | 0.287 6918 19 | 052 12.589 |] + 4 26 14.68 
4 | 2359 31.237 | + 746 29.90 | 0.289 7345 20 | 055 18.530} + 439 03.44 
5 | 2357 57.092 | + 724 10.47 | 0.292 0553 21 | 058 27.071 | + 452 18.22 
6 | 23 56 30.439 | + 702 05.05 | 0.294 6483 22 | 101 38.121 | + 505 57.75 
7 | 23:55 11.712 | + 640 20.62 | 0.297 5068 23 | 10451.594 | + 5 2000.77 
8 | 23 5401.282 | + 619 03.70 | 0.300 6238 24 | 108 07.408 | + 5 34 26.04 
9 | 2352 59.446 | + 558 20.29 | 0.303 9915 25 | 111 25.485 | + 5 49 12.36 
10 | 23 52 06.436 | + 538 15.81 | 0.307 6019 26 | 1 1445.753 | + 604 18.55 
11 | 2351 22.419 | + 5 1855.13 | 0.311 4465 27 | 118 08.144 | + 619 43.43 
12 | 23 50 47.499 | + 500 22.46 | 0.315 5167 28 | 1 21 32.595 | + 635 25.89 
13 | 23 50 21.723 | + 442 41.47 | 0.319 8035 29 | 12459.054 | + 651 24.84 
14 | 23 50 05.087 | + 425 55.24 | 0.324 2982 30 | 1 28 27.472 | + 707 39.21 
15 | 23 49 57.538 | + 4 1006.28 | 0.328 9918 31 | 131 57.808 | + 724 07.97 
16 | 23 49 58.986 | + 355 16.62 | 0.333 8756 | June 1] 1 35 30.027] + 74050.12 
17 | 23 50 09.303 | + 341 27.81 | 0.338 9409 2 | 13904.097 | + 757 44.67 
18 | 23 50 28.331 | + 3 28 40.96 | 0.344 1792 3 | 142 39.989 | + 8 1450.63 
19 | 23 50 55.890 | + 3 1656.79 | 0.349 5822 4] 14617.676 | + 8 3207.04 
20 | 23 51 31.776 | + 306 15.68 | 0.355 1420 5 | 14957.133 | + 849 32.91 
21 | 2352 15.769 | + 256 37.67 | 0.360 8506 6 | 153 38.338 | + 907 07.29 
22 | 23 53 07.636 | + 248 02.56 | 0.366 7008 7 | 157 21.268 | + 924 49.21 
23 | 23 54 07.137 | + 240 29.88 | 0.372 6852 8 | 201 05.902 | + 9 42 37.70 
24 | 23 55 14.022 | + 233 58.97 | 0.378 7970 9 | 20452.221 | +1000 31.81 
25 | 23 56 28.039 | + 228 29.00 | 0.385 0298 10 | 2 08 40.206 | +10 18 30.57 
26 | 23 57 48.934 | + 223 58.97 | 0.391 3775 11 |} 2 12 29.840 | +10 36 33.04 
27 | 2359 16.455 | + 220 27.79 | 0.397 8342 12 | 21621.107 | +1054 38.26 
28 | 000 50.353 | + 217 54.28 | 0.404 3945 13 | 220 13.993 | +11 12 45.28 
29 | 002 30.382 | + 21617.18 | 0.411 0533 14 | 2 24 08.483 | +11 3053.18 
30 | 004 16.307 | + 215 35.20 | 0.417 8059 15 | 228 04.566 | +11 49 01.03 
May 1 0 06 07.899 | + 215 47.01 | 0.424 6474 16 | 232 02.229 | +12 07 07.89 
2) 008 04.937 | + 2 1651.26 | 0.431 5737 17 | 2 3601.460 | +12 25 12.87 
3 0 10 07.213 | + 2 18 46.60 | 0.438 5802 18 | 24002.251 | +12 43 15.05 
4} 01214524 | + 221 31.66 | 0.445 6631 19 | 244 04.588 | +13 01 13.54 
5 | 014 26.678 | + 225 05.05 | 0.452 8181 20 | 2 48 08.462 | +13 19 07.45 
6| 016 43.490 | + 229 25.37 | 0.460 0415 21 | 252 13.860 | +13 3655.90 
7 | 019 04.780 | + 234 31.24 | 0.467 3293 22 | 256 20.768 | +13 54 38.03 
8 | 021 30.375 | + 240 21.22 | 0.474 6780 23 | 3.00 29.173 | +14 12 12.97 
9} 02400.110 | + 2 4653.89 | 0.482 0840 24 | 3 04 39.060 | +14 29 39.86 
10 | 026 33.823 | + 25407.83 | 0.489 5437 25 | 3.08 50.419 | +14 46 57.86 
11 0 29 11.359 | + 302 01.58 | 0.497 0538 26 | 3 13 03.240 | +15 04 06.13 
12] 03152.568 | + 3 1033.72 | 0.504 6111 27 | 3.1717.518 | +15 21 03.85 
13 0 34 37.306 | + 3 1942.81 | 0.512 2125 28 | 3 21 33.251 | +15 37 50.25 
14] 037 25.436 | + 329 27.43 | 0.519 8551 29 | 3 25 50.438 | +15 54 24.52 
15 | 040 16.827 | + 339 46.17 | 0.527 5359 30 | 3 30 09.077 | +16 10 45.90 
16 | 043 11.354 | + 350 37.64 | 0.535 2522 | July 1 | 33429.168 | +16 26 53.63 
17 0 46 08.897 | + 402 00.45 | 0.543 0015 2 | 3 38 50.707 | +16 42 46.93 


True | 
Geocentric 
Distance 


0.543 0015 
0.550 7812 
0.558 5891 
0.566 4227 
0.574 2801 


0.582 1592 
0.590 0581 
0.597 9752 
0.605 9089 
0.613 8580 


0.621 8210 
0.629 7970 
0.637 7849 
0.645 7835 
0.653 7920 


0.661 8091 
0.669 8339 
0.677 8652 
0.685 9018 
0.693 9426 


0.701 9864 
0.710 0320 
0.718 0782 
0.726 1238 
0.734 1677 


0.742 2086 
0.750 2454 
0.758 2770 
0.766 3022 
0.774 3200 


0.782 3292 
0.790 3289 
0.798 3181 
0.806 2958 
0.814 2612 


0.822 2133 
0.830 1517 
0.838 0756 
0.845 9847 
0.853 8785 


0.861 7569 
0.869 6195 
0.877 4660 
0.885 2961 
0.893 1095 


0,900 9058 
0.908 6843 


E22 


Date 


GEOCENTRIC COORDINATES FOR 0" TERRESTRIAL TIME 


Apparent 
Right 
Ascension 


July 


Aug. 


h ms ‘s 

3 34 29.168 
3 38 50.707 
3 43 13.691 
3 47 38.116 
3 52 03.975 


3 56 31.261 
4 00 59.964 
4 05 30.075 
4 10 01.583 
4 14 34.474 


4 19 08.736 
4 23 44.353 
4 28 21.309 
4 32 59.585 
4 37 39.162 


4 42 20.018 
4 47 02.129 
451 45.468 
4 56 30.005 
5 01 15.707 


5 06 02.536 
5 10 50.455 
5 15 39.425 
5 20 29.411 
5 25 20.376 


5 30 12.287 
535105110 
5 39 58.812 
5 44 53.355 
5 49 48.703 


5 54 44.817 
5 59 41.657 
6 04 39.181 
6 09 37.347 
6 14 36.112 


6 19 35.432 
6 24 35.263 
6 29 35.559 
6 34 36.276 
6 39 37.368 


6 44 38.790 
6 49 40.496 
6 54 42.439 
6 59 44.574 
7 04 46.851 


7 09 49.224 
7 14 51.640 


Apparent 
Declination 


° / Mt 


+16 26 53.63 
+16 42 46.93 
+16 58 25.05 
+17 13 47.22 
+17 28 52.67 


+17 43 40.65 
+17 58 10.40 
= LSD 20 17 
+18 26 12.20 
+18 39 42.75 


+18 52 52.10 
+19 05 39.50 
+19 18 04.26 
+19 30 05.67 
+19 41 43.03 


+19 52 55.69 
+20 03 42.98 
+20 14 04.28 
+20 23 58.96 
+20 33 26.41 


+20 42 26.05 
+20 50 57.31 
+20 58 59.61 
+21 06 32.42 
+2 13i35.21 


+21 20 07.49 
+21 26 08.79 
2 LES 163 8:67, 
+21 36 36.69 
+21 41 02.46 


+21 44 55.58 
+21 48 15.68 
a2 LFS OD39 
+21 53 15.40 
+21 54 54.37 


+- 219515903 
+21 56 29.08 
+21 56 24.29 
+21 55 44.43 
+21 54 29.29 


+-2 1952 38°72 
=-21850) 12:55 
+21 47 10.69 
+21 43 33.06 
2 SG AQSD 


+21 34 30.29 
+21 29 05.16 


VENUS, 2009 


Ties 
Geocentric 
Distance 


0.900 9058 
0.908 6843 
0.916 4447 
0.924 1864 
0.931 9088 


0.939 6113 
0.947 2932 
0.954 9539 
0.962 5927 
0.970 2089 


0.977 8018 
0.985 3707 
0.992 9148 
1.000 4335 
1.007 9260 


1.015 3916 
1.022 8296 
1.030 2393 
1.037 6202 
1.044 9717 


1.052 2933 
1.059 5848 
1.066 8459 
1.074 0766 
1.081 2767 


1.088 4462 
1.095 5851 
1.102 6933 
1.109 7707 
1.116 8171 


1.123 8323 
.130 8160 


— 


144 6877 
joy yO 


158 4297 
165 2510 
172 0386 
178 7920 
185 5107 


SSS 


—_ 


192 1943 
198 8421 
1.205 4536 
1.212 0282 
1.218 5653 


= 


1.225 0645 
1.231 5251 


.137 7679 | 


Sept. 


Oct. 


Apparent 
Right 
Ascension 


h an” ‘s. 

7 14 51.640 
7 19 54.050 
7 24 56.402 
7 29 58.644 
7 35 00.728 


7 40 02.606 
7 45 04.237 
7 50 05.581 
7 55 06.599 
8 00 07.257 


8 05 07.520 
8 10 07.354 
8 15 06.728 
8 20 05.613 
8 25 03.979 


8 30 01.801 
8 34 59.053 
8 39 55.714 
8 44 51.763 
8 49 47.183 


8 54 41.958 
8 59 36.075 
9 04 29.522 
9 09 22.291 
9 14 14.372 


9 19 05.760 
9 23 56.448 
9 28 46.431 
913335703 
9 38 24.260 


9 43 12.098 
9 47 59.216 
9 52 45.615 
95731298 
10 02 16.272 


10 07 00.546 
10 11 44.132 
10 16 27.041 
10 21 09.288 
10 25 50.887 


10 30 31.856 
LOSS AQ 12 
10 39 51.976 
10 44 31.169 
10 49 09.814 


10 53 47.936 
10 58 25.561 


Apparent 
Declination 


+21 29 05.16 
+21 23 04.25 
+21 16 27.64 
+21 09 15.40 
+21 01 27.67 


+20 53 04.57 
+20 44 06.28 
+20 34 32.96 
+20 24 24.85 
+20 13 42.18 


+20 02 25.21 
+19 50 34.22 
+19 38 09.52 
+19 25 11.42 
+19 11 40.25 


+18 57 36.37 
+18 43 00.15 
+18 27 51.96 
+18 12 12.20 
+17 56 01.29 


+17 39 19.66 
220785 
+17 04 26.02 
+16 46 14.96 
+16 27 35.06 


+16 08 26.85 
+15 48 50.85 
+15 28 47.64 
+15 08 17.79 
+14 47 21.88 


+14 26 00.53 
+14 04 14.34 
+13 42 03.93 


+13 19 29,93 | 


+12 56 32.96 


+12 33 13.66 
+12 09 32.67 
+11 45 30.63 
+11 21 08.21 
+10 56 26.05 


+10 31 24.82 
+10 06 05.19 
+ 9 40 27.80 
+ 9 14 33.33 
+ 8 48 22.45 


+ 8 2155.81 
+ 755 14.09 


Tires 
Geocentric 
Distance 


1.231 5251 
1.237 9466 
1.244 3287 
1.250 6710 
1.256 9732 


1.263 2353 
1.269 4573 
1.275 6392 
1.281 7811 
1.287 8830 


1.293 9451 
1.299 9673 
1.305 9497 
1.311 8923 
1.317 7948 


1.323 6573 
1.329 4797 
1.335 2617 
1.341 0031 
1.346 7039 


1.352 3636 
1.357 9820 
1.363 5588 
1.369 0937 
1.374 5861 


1.380 0358 
1.385 4422 
1.390 8049 
1.396 1234 
1.401 3973 


1.406 6262 
1.411 8098 
1.416 9479 
1.422 0402 
1.427 0869 


1.432 0879 
1.437 0434 
1.441 9535 
1.446 8185 
1.451 6384 


1.456 4134 
1.461 1437 
1.465 8295 
1.470 4707 
1.475 0676 


1.479 6201 
1.484 1283 


Date 


Oct. 


Nov. 


GEOCENTRIC COORDINATES FOR 0° 


Apparent 
Right 
Ascension 


Apparent 
Declination 


h* ms 

10 58 25.561 
11 03 02.717 
11 07 39.435 
11 12 15.744 
11 16 51.678 


11 21 27.269 
11 26 02.552 
1130137559 
1135 12.323 
11 39 46.878 


11 44 21.254 
11 48 55.485 
11 53 29.601 
11 58 03.638 
12 02 37.627 


12 07 11.606 
12 11 45.609 
12 16 19.673 
12 20 53.833 
122 23:17) 


12 30 02.588 
12 34 37.253 
12392158 
12 43 47.339 
12 48 22.833 


12 52 58.677 
12 57 34.909 
13 02 11.569 
13 06 48.693 
LSe261323 


13 16 04.496 
13 20 43.253 
13 25 22.634 
13 30 02.677 
13 34 43.423 


13 39 24.906 
13 44 07.163 
13 48 50.226 
13 53 34.128 
13 58 18.900 


14 03 04.572 
1407 51.175 
14 12 38.737 
14 17 27.287 
14 22 16.850 


14 27 07.452 
14 31 59.113 


755 14.09 
7 28 17.94 
7 01 08.05 
6 33 45.08 
6 06 09.69 


5 38 22.58 
5 10 24.42 
4 42 15.90 
4 13 57.74 
3 45 30.65 


3 16 55.35 
2 48 12.58 
2 19 23.06 
1 50 27.56 
1 21 26.79 


0 52 21.49 
0 23 12.42 
005 59.71 
— 035 14.14 
— 104 30.14 


b++ +++++ 44+4+4+4+ +4444 


— 133 46.95 
—$2103103283 
S27 20.02 
— SONS 419 
— 3 3047.38 


= 9 TL04 
— 429 03.03 
— 458 04.58 
= S2100197 
= 8) 35) SEY 


— 6 24 35.21 
= OSES 
= 7 239576 
==) FAI 905 
— 818 08.61 


— 8 4607.75 
493195100 
— 9/41 31.55 
—10 08 54.62 
—10 36 04.07 


—11 02 59.07 
—11'29'38.33 
—11 56 02.52 
—12 22 09.34 
—12 47 58.48 


—13 13:29.13 
—13 38 40.49 


VENUS, 2009 


TERRESTRIAL TIME 


iireem, 
Geocentric 
Distance 


1.484 1283 
1.488 5923 
1.493 0120 
1.497 3873 
1.501 7182 


1.506 0046 
1.510 2462 
1.514 4428 
1.518 5941 
1.522 6998 


1.526 7595 
1.530 7730 
1.534 7399 
1.538 6598 
1.542 5328 


1.546 3584 
1.550 1369 
1.553 8681 
(LSP SIVAll 
1.561 1892 


1.564 7796 
1.568 3234 
1.571 8211 
1.575 2728 
1.578 6788 


1.582 0394 
1.585 3548 
1.588 6253 
Lave) stil 
1.595 0325 


1.598 1696 
1.601 2626 
1.604 3117 
1.607 3171 
1.610 2786 


1.613 1964 
1.616 0702 
1.618 9000 
1.621 6854 
1.624 4264 


1.627 1226 
1.629 7738 
1.632 3798 
1.634 9405 
1.637 4558 


1.639 9257 
1.642 3503 


Date 


Apparent 
Right 
Ascension 


h ms 

14 31 59.113 
14 36 51.855 
14 41 45.695 
14 46 40.649 
14 51 36.732 


14 56 33.958 
15 01 32.338 
15 06 31.883 
15 11 32.603 
15 16 34.506 


15 21 37.598 
15 26 41.884 
15 31 47.368 
15 36 54.050 
15 42 01.932 


15 47 11.009 
15 52 21.275 
LSS 7eS297123 
16 02 45.339 
16 07 59.107 


16 13 14.009 
16 18 30.025 
16 23 47.131 
16 29 05.303 
16 34 24.513 


16 39 44.730 
16 45 05.919 
16 50 28.041 
16 55 51.056 
17 O1 14.917 


LA NGIS Or 77 
17 12 04.986 
17 AS10092 
17 22,57:839 
VWQ825 413 


17 33 53.036 
17 39 21.372 
17 44 50.122 
17 50 19.226 
17 55 48.624 


18 OL 18.257 
18 06 48.063 
18 12 17.981 
18 17 47.950 
18 23 17.907 


18 28 47.791 
18 34 17.537 


Apparent 


Declination 


—13 38 40.49 
14038175 
—14 28 02.09 
aoa ial 
—15 15 56.80 


—15 39 19.54 
—16 02 18.15 
—16 2451.81 
—16 46 59.74 
—17 08 41.15 


SU OL) Sy 25) 
—1750 41.29 
—18 10 58.48 
—18 30 46.09 
—18 50 03.38 


—19 08 49.60 
—19 27 04.05 
—19 44 46.01 
—20 01 54.76 
—20 18 29.61 


—20 34 29.84 
—20 49 54.78 
—21 04 43.73 
—21 18 56.06 
PA yd SHIBIs} 


—21 45 28.34 
—2157 47.12 
—22 09 26.89 
— 2220 2a 
—22 30 47.37 


—22 40 27.09 
—22 49 25.83 
—22 57 43.17 
—23 05 18.71 
— 232 12:07 


—2318'22.92 
—=23'23'50:93 
—23 28 35.84 
— 23982. S139 
—23'35 55.38 


—23)50929:05 
—23 40 20.00 
—23 41 26.39 
—23 41 48.74 
—23 41 27.01 


—23 40 21.20 
—23 38 31.34 


E23 


True | 
Geocentric 
Distance 


1.642 3503 
1.644 7297 
1.647 0641 
1.649 3536 
1.651 5986 


1.653 7994 
1.655 9561 
1.658 0693 
1.660 1391 
1.662 1659 


1.664 1501 
1.666 0919 
1.667 9917 
1,669 8498 
1.671 6667 


1.673 4424 
1.675 1773 
1.676 8716 
1.678 5252 
1.680 1382 


1.681 7105 
1.683 2419 
1.684 7321 
1.686 1811 
1.687 5884 


1.688 9540 
1.690 2778 
1.691 5596 
1.692 7994 
1.693 9972 


1.695 1530 
1.696 2670 
1.697 3393 
1.698 3700 
1.699 3594 


1.700 3077 
LO MEDS2 
1.702 0821 
1.702 9086 
1.703 6952 


1.704 4420 
1.705 1495 
1.705 8179 
1.706 4476 
1.707 0389 


1.707 5920 
1.708 1072 


E24 MARS, 2009 
GEOCENTRIC COORDINATES FOR 0° TERRESTRIAL TIME 
Apparent : Apparent : True 
Date Right Recta itt Geoeacdia Date Right | timc Geocentric 
Ascension Distance Ascension Distance 
_—+—— ———s 
8h "600 oO F Wr Hein Ss ow u 
Jan. 0 | 18 1207.613 | —24 06 06.74 | 2.430 7436 | Feb. 15 | 2042 51.424 | —1915 21.92 | 2.312 7888 
1 | 18 15 25.402 | —24 05 33.12 | 2.428 5670 16 | 20 46 02.526 | —19 03 28.62 | 2.309 9559 
2 | 18 18 43.337 | —24 04 43.79 | 2.426 3664 17 | 20 49 13.267 | —1851 23.02 | 2.307 1164 
3 | 18 22 01.404 | —24 03 38.71 | 2.424 1424 18 | 2052 23.642 | —18 39 05.29 | 2.304 2703 
4 | 18 25 19.588 | —24 02 17.87 | 2.421 8957 19 | 2055 33.647 | —18 26 35.61 | 2.301 4176 
5 | 18 28 37.875 | —24 00 41.25 | 2.419 6270 20 | 20 58 43.275 | —18 13 54.14 | 2.298 5585 
6 | 18 31 56.252 | —23 58 48.84 | 2.417 3370 21 | 2101 52.521 | —18 0101.08 | 2.295 6929 
7 | 1835 14.706 | —23 56 40.63 | 2.415 0265 22 | 2105 01.381 | —17 47 56.60 | 2.292 8210 
8 | 18 38 33.223 | —23 54 16.65 | 2.412 6962 23 | 2108 09.849 | —17 34 40.88 | 2.289 9431 
9 | 1841 51.789 | —23 51 36.90 | 2.410 3469 24 | 21 1117.921 | —17 2114.10 | 2.287 0591 
10 | 18 45 10.390 | —23 48 41.40 | 2.407 9791 25 | 21 14 25.595 | —17 07 36.46 | 2.284 1695 
11 | 18 48 29.008 | —23 45 30.15 | 2.405 5934 26 | 21 17 32.867 | —16 53 48.12 | 2.281 2745 
12 | 18 51 47.630 | —23 42 03.17 | 2.403 1903 27 | 21 20 39.736 | —16 39 49.28 | 2.278 3743 
13 | 1855 06.242 | —23 38 20.45 | 2.400 7698 28 | 21 23 46.201 | —16 25 40.12 | 2.275 4695 
14 | 18 58 24.830 | —23 34 22.00 | 2.398 3323 | Mar. 1] 21 26 52.262 | —1611 20.82 | 2.272 5603 
15 | 1901 43.385 | —23 30 07.82 | 2.395 8779 2 | 21 29 57.919 | —15 56 51.59 | 2.269 6474 
16 | 1905 01.894 | —23 25 37.94 | 2.393 4065 3] 21 33 03.173 | —15 42 12.61 | 2.266 7311 
17 | 19 08 20.345 | —23 20 52.40 | 2.390 9183 4] 21 36 08.024 | —15 27 24.09 | 2.263 8121 
18 | 19 11 38.727 | —23 15 51.24 | 2.388 4134 5 | 2139 12.472 | —15 12 26.22 | 2.260 8909 
19 | 19 14 57.024 | —23 10 34.51 | 2.385 8918 6 | 21 42 16.517 | —1457 19.20 | 2.257 9680 
20 | 19 18 15.224 | —23 05 02.29 | 2.383 3537 7 | 2145 20.159 | —14 42 03.22 | 2.255 0438 
21 | 19 21 33.312 | —22 59 14.62 | 2.380 7992 8 | 21 48 23.400 | —14 26 38.48 | 2.252 1189 
22 | 19 24 51.273 | —22 53 11.60 | 2.378 2287 9 | 2151 26.242 | —141105.14 | 2.249 1934 
23 | 19 28 09.091 | —22 46 53.29 | 2.375 6422 10 | 21 54 28.690 | —13 55 23.38 | 2.246 2676 
24 | 1931 26.751 | —22 40 19.77 | 2.373 0401 11 | 2157 30.749 | —13 39 33.36 | 2.243 3416 
25 | 19 34 44.239 | —22 33 31.13 | 2.370 4226 i2 | 22 00 32.426 | —13 23 35.27 | 2.240 4154 
26 | 19 38 01.539 | —22 26 27.45 | 2.367 7902 13 | 22 03 33.728 | —13 07 29.27 | 2.237 4890 
27 | 19 41 18.638 | —22 19 08.82 | 2.365 1431 14 | 22 06 34.660 | —12 51 15.56 | 2.234 5622 
28 | 19 44 35.521 | —22 11 35.34 | 2.362 4818 15 | 22 09 35.228 | —12 3454.31 | 2.231 6349 
29 | 194752.177 | —22 03 47.10 | 2.359 8068 16 | 22 12 35.436 | —12 18 25.75 | 2.228 7068 
30 | 1951 08.593 | —21 55 44.20 | 2.357 1186 17 | 22 15 35.287 | —12.01 50.06 | 2.225 7779 
31 | 1954 24.759 | —21 47 26.74 | 2.354 4178 18 | 22 18 34.785 | —11 45 07.45 | 2.222 8478 
Feb. 1 | 1957 40.665 | —21 38 54.84 | 2.351 7049 19 | 22 21 33.933 | —11 28 18.14 | 2.219 9166 
2 | 20 00 56.301 | —21 30 08.60 | 2.348 9806 20 | 22 24 32.733 | —11 11 22.33 | 2.216 9840 
3 | 20 04 11.660 | —21 21 08.16 | 2.346 2456 21 | 22 27 31.189 | —10 54 20.23 | 2.214 0499 
4 | 20 07 26.732 | —21 11 53.63 | 2.343 5005 22 | 22 30 29.304 | —10 37 12.06 | 2.211 1142 
5 | 20 10 41.510 | —21 02 25.16 | 2.340 7460 23 | 22 33 27.081 | —10 19 58.01 | 2.208 1768 
6 | 20 13 55.983 | —20 52 42.88 | 2.337 9829 24 | 22 36 24.525 | —10 02 38.31 | 2.205 2376 
7 | 2017 10.144 | —20 42 46.92 | 2.335 2115 25 | 22 39 21.638 | — 945 13.15 | 2.202 2966 
8 | 20 20 23.984 | —20 32 37.42 | 2.332 4326 26 | 22 42 18.427 | — 927 42.74! 2:199 3539 
9 | 20 23 37.495 | —20 22 14.50 | 2.329 6465 27 | 22 45 14.896 | — 9 1007.29 | 2.196 4094 
10 | 20 26 50.672 | —20 11 38.27 | 2.326 8535 28 | 22 48 11.051 | — 852 27.00} 2.193. 4633 
11 | 20 30 03.510 | —20 00 48.85 | 2.324 0538 29 | 2251 06.898 | — 8 3442.08 | 2.190 5159 
12 | 20 33 16.008 | —19 49 46.36 | 2.321 2475 30 | 2254 02.443 | — 8 1652.73 | 2.187 5673 
13 | 20 36 28.161 | —19 38 30.95 | 2.318 4346 31 | 22 5657.690 | — 758 59.17 | 2.184 6180 
14 | 20 39 39.968 | —19 27 02.75 | 2.315 6150 | Apr. 1 | 22 5952.645 | — 74101.60 | 2.181 6682 
15 | 20 42 51.424 | —19 15 21.92 | 2.312 7888 2 | 23 02 47.312 | — 723 00.24 | 2.178 7182 


GEOCENTRIC COORDINATES FOR 0° TERRESTRIAL TIME 


MARS, 2009 


Apparent 

| Ascension | Declination | Distance Ascension | Declination 

ho om s ch yA vr hm “<5 oy ”" 
Apr. 1 | 22 5952.645 | — 741 01.60 | 2.181 6682 | May 17] 1 1051.568 | + 622 33.41 
2 | 23 02 47.312 | — 723 00.24 | 2.178 7182 18 | 1 13 40.999 | + 6 4007.19 
3 | 23 05 41.696 | — 704 55.28 | 2.175 7686 19 | 1 16 30.477 | + 657 36.18 
4 | 23 08 35.802 | — 6 46 46.93 | 2.172 8194 20 | 1 19 20.006 | + 7 15 00.22 
5 | 23 11 29.639 | — 6 28 35.38 | 2.169 8710 21 | 12209.593 | + 732 19.14 
6 | 23 14 23.213 | — 610 20.80 | 2.166 9235 22 | 12459.241 | + 749 32.77 
7 | 23 17 16.535 | — 552 03.38 | 2.163 9771 23 | 127 48.956 | + 8 06 40.95 
8 | 23 20 09.614 | — 5 33 43.27 | 2.161 0316 24 | 1 3038.739 | + 8 23 43.51 
9 | 23 23 02.462 | — 5 15 20.66 | 2.158 0870 25 | 133 28.594 | + 8 40 40.29 
10 | 23 25 55.089 | — 456 55.72 | 2.155 1431 26 | 13618520) + 857 31.12 
11 | 23 28 47.505 | — 4 38 28.63 | 2.152 1997 27 | 13908.518 | + 914 15.82 
12 | 23 31 39.718 | — 419 59.57 | 2.149 2564 28 | 14158.587 | + 9 30 54.22 
13 | 23 34 31.737 | — 401 28.73 | 2.146 3129 29 | 144 48.730 | + 947 26.17 
14 | 23 37 23.568 | — 3 4256.32 | 2.143 3689 30 | 1 47 38.950 | +10 03 51.51 
15 | 23 40 15.218 | — 324 22.53 | 2.140 4239 31 | 150 29.253 | +10 20 10.10 
16 | 23 43 06.694 | — 305 47.56 | 2.1374777 | June 1 | 153 19.644} +10 36 21.80 
17 | 23 45 58.002 | — 247 11.62 | 2.134 5298 2 | 156 10.130 | +10 52 26.48 
18 | 23 48 49.148 | — 228 34.89 | 2.131 5799 3 | 159 00.718 | +11 08 24.04 
19 | 23 51 40.139 | — 209 57.59 | 2.128 6278 4} 201 51.413 | +11 24 14.33 
20 | 23 54 30.980 | — 151 19.91 | 2.125 6729 5 | 204 42.221 | +11 3957.24 
Qi1e| '23.57.21.678 | — 1 32.42:05 1) 2422 7151 6 | 207 33.145 | +11 55 32.64 
22} 00012.241 | — 11404.21 | 2.119 7540 7 | 21024.189 | +12 11 00.40 
23 | 003 02.674 | — 055 26.58 | 2.116 7893 8 | 2 13 15.356 | +12 26 20.38 
24 | 005 52.986 | — 036 49.35 | 2.113 8210 9 | 2 16 06.648 | +12 41 32.45 
25 | 008 43.183 | — 018 12.72 | 2.110 8487 10 |} 2 18 58.066 | +12 56 36.46 
26 | O11 33.270 | + 000 23.12 | 2.107 8726 11 | 221 49.613 | +13 11 32.28 
27 | 014 23.256 | + 018 57.99 | 2.104 8925 12 | 224 41.289 | +13 26 19.78 
28 | 017 13.143 | + 037 31.67 | 2.101 9087 13 | 2 27 33.096 | +13 40 58.81 
29 | 02002.936 | + 056 03.98 | 2.098 9212 14 | 2 30 25.033 | +1355 29.23 
30 | 02252.640 | + 1 14 34.71 | 2.095 9303 15 | 233 17.103 | +1409 50.91 
May 1 0 25 42.259 | + 133 03.69 | 2.092 9361 16 | 2 36 09.306 | +14 24 03.72 
2] 028 31.801 | + 151 30.72 | 2.089 9388 17 | 23901.642 | +14 38 07.54 
3] 031 21.272 | + 209 55.65 | 2.086 9385 18 | 24154.110 | +14 52 02.23 
4} 034 10.682 | + 228 18.29 | 2.083 9352 19 | 244 46.711 | +15 05 47.67 
5 | 03700.042 | + 246 38.51 | 2.080 9288 20 | 2 47 39.442 | +15 19 23.75 
6 | 039 49.360 | + 304 56.15 | 2.077 9193 21 | 250 32.300 | +15 32 50.35 
7 | 042 38.648 | + 323 11.04 | 2.074 9063 22 | 253 25.280 | +15 46 07.35 
8 | 045 27.915 | + 341 23.05 | 2.071 8896 23 | 256 18.376 | +15 59 14.64 
9} 048 17.169 | + 359 32.01 | 2.068 8689 24 | 259 11.579 | +16 12 12.07 
10} 05106.419 | + 417 37.74 | 2.065 8438 25 | 3 02 04.884 | +16 24 59.54 
11 0 53 55.671 | + 435 40.10 | 2.062 8137 26 | 3 04 58.286 | +16 37 36.92 
12 | 056 44.932 | + 453 38.90 | 2.059 7782 27 | 3.07 51.783 | +1650 04.11 
13 | 059 34.208 | + 511 33.97 | 2.056 7369 28 | 3 10 45.374 | +17 02 21.02 
14 1 02 23.504 | + 529 25.13 | 2.053 6892 29 | 3 13 39.059 | +17 14 27.55 
15 1 05 12.826 | + 547 12.21 | 2.050 6346 30 | 3 16 32.838 | +17 26 23.65 
16 | 10802.179 | + 604 55.03 | 2.047 5725 | July 1} 31926.712 | +17 38 09.22 
17 110 51.568 | + 6 22 33.41 | 2.044 5025 2 | 322 20.678 | +17 49 44.21 


E25 


drwes 
Geocentric 
Distance 


2.044 5025 
2.041 4240 
2.038 3366 
2.035 2396 
2.032 1328 


2.029 0156 
2.025 8876 
2.022 7487 
2.019 5986 
2.016 4372 


2.013 2646 
2.010 0809 
2.006 8860 
2.003 6801 
2.000 4631 


1.997 2351 
1.993 9958 
1.990 7452 
1.987 4829 
1.984 2086 


1.980 9219 
1.977 6224 
1.974 3096 
1.970 9829 
1.967 6418 


1.964 2857 
1.960 9141 
1.957 5263 
1.954 1217 
1.950 6997 


1.947 2598 
1.943 8012 
1.940 3235 
1.936 8261 
1.933 3085 


1.929 7702 
1.926 2110 
1.922 6306 
1.919 0290 
1.915 4061 


1.911 7620 
1.908 0967 
1.904 4103 
1.900 7027 
1.896 9738 


1.893 2235 
1.889 4514 


E26 


GEOCENTRIC COORDINATES FOR 0" TERRESTRIAL TIME 


Date 


July 


Aug. 


Apparent 
Right 
Ascension 


hm Ss 

3 19 26.712 
3 22 20.678 
3 25 14.734 
3 28 08.879 
3 31 03.108 


3 33 57.417 
3 36 51.803 
3 39 46.260 
3 42 40.784 
3 45 35.370 


3 48 30.011 
3 51 24.703 
3 54 19.441 
3 57 14.218 
4 00 09.027 


4 03 03.863 
4 05 58.717 
4 08 53.579 
4 11 48.440 
4 14 43.285 


4 17 38.100 
4 20 32.871 
4 23 27.584 
4 26 22.228 
4 29 16.792 


4 32 11.271 
4 35 05.657 
4 37 59.944 
4 40 54.125 
4 43 48.19] 


4 46 42.134 
4 49 35.944 
4 52 29.613 
4 55 23.131 
458 16.488 


5 01 09.673 
5 04 02.677 
5 06 55.490 
5 09 48.102 
5 12 40.504 


5 15 32.684 
5 18 24.634 
5 21 16.341 
5 24 07.795 
5 26 58.983 


5 29 49.890 
5 32 40.501 


Apparent 
Declination 


+17 38 09.22 
+17 49 44.21 
+18 O1 08.54 
+18 12 22.13 
+18 23 24.91 


+18 34 16.81 
+18 44 57.74 
+18 55 27.63 
+19 05 46.39 
= LORS 8:96 


+19 25 50.26 
= 1913513552 1 
+19 45 08.76 
+19 54 30.83 
+20 03 41.37 


+20 12 40.34 
+20 21 27.67 
+20 30 03.34 
+20 38 27.30 
+20 46 39.51 


+20 54 39.95 
+21 02 28.55 
+21 10 05.28 
=-2117; 30:09 
+21 24 42.97 


+21 31 43.90 
+21 38 32.87 
+21 45 09.89 
+21 51 34.97 
+21 57 48.12 


+22 03 49.35 
+22 09 38.66 
+22 15 16.07 
+22 20 41.58 
+ 2225'95.20 


+22 30 56.95 
+22 35 46.83 
+22 40 24.86 
+22 44 51.06 
+22 49 05.44 


+22 53 08.03 
+22 56 58.87 
+23 00 38.00 
+23 04 05.46 
+23 07 21.30 


+23 10 25.60 
+23 13 18.40 


MARS, 2009 


‘rue, 
Geocentric 
Distance 


1.893 2235 
1.889 4514 
1.885 6574 
1.881 8410 
1.878 0019 


1.874 1395 
1.870 2535 
1.866 3433 
1.862 4083 
1.858 4480 


1.854 4619 
1.850 4492 
1.846 4094 
1.842 3419 
1.838 2462 


1.834 1215 
1.829 9673 
1.825 7832 
1.821 5686 
1.817 3232 


1.813 0467 
1.808 7390 
1.804 4002 
1.800 0302 
1.795 6291 


not O7a 
1.786 7343 
1.782 2405 
NTE Te disNsy2) 
1.773 1602 


1.768 5732 
1.763 9548 
1.759 3047 
1.754 6225 
1.749 9079 


1.745 1606 
1.740 3800 
1.735 5657 
1.730 7174 
1.725 8344 


1.720 9162 
1.715 9624 
1.710 9725 
1.705 9458 
1.700 8820 


1.695 7807 
1.690 6413 


Sept. 


Oct. 


Apparent 
Right 
Ascension 


h mis 

5 32 40.501 
5 35 30.798 
5 38 20.764 
5 41 10.378 
5 43 59.626 


5 46 48.490 
5 49 36.960 
5192, 29.025 
5 55 12.674 
5 57 59.898 


6 00 46.686 
6 03 33.028 
6 06 18.913 
6 09 04.330 
6 11 49.267 


6 14 33.714 
6 17 17.659 
6 20 01.093 
6 22 44.004 
6 25 26.382 


6 28 08.217 
6 30 49.500 
6 33 30.221 
6 36 10.369 
6 38 49.933 


6 41 28.902 
6 44 07.262 
6 46 44.998 
6 49 22.093 
6 51 58.531 


6 54 34.293 
6 57 09.362 
6 59 43.721 
7 02 17.356 
7 04 50.255 


7 07 22.407 
7 09 53.801 
7 12 24.427 
7 14 54.275 
7 17 23.334 


7 AD SUSSS 
7 22 19.041 
7 24 45.669 
7 27 11.464 
7 29 36.418 


7 32. 00.519 
7 34 23.760 


Apparent 
Declination 


+23 13 18.40 
+23.15.59.77 
+23 18 29.78 
+23 20 48.50 
+23 2255.97 


+23 24 52.26 
+23 26 37.45 
+23 28 11.61 
+23 29 34.84 
+23 30 47.24 


+23 31 48.92 
+23 32 39.97 
+23 33 20.50 
+23 33 50.60 
+23 34 10.39 


+23 34 19.96 
+23 34 19.41 
+23 34 08.85 
+23 33 48.37 
+23 33 18.09 


+-23:32 38-1 
+23 31 48.55 
+23 30 49.52 
+23 29 41.15 
+23 28 23.58 


+23 26 56.94 
23:25 21.39 
+23 23 37.08 
+23 21 44.16 
+23 19 42.80 


+23 17 33.16 
darts! 1539 
+23 12 49.64 
+23 10 16.07 
+23 07 34.84 


+23 04 46.12 
+23 01 50.08 
+22 58 46.91 
+22 55 36.78 
+22 52 19.88 


+22 48 56.37 
+22 45 26.44 
+22 41 50.26 
+22 38 08.00 
+22 34 19.84 


=+-22'80/25.95 
+22 26 26.50 


iToes 
Geocentric 
Distance 


1.690 6413 
1.685 4637 
1.680 2477 
1.674 9931 
1.669 7001 


1.664 3688 
1.658 9994 
1.653 5921 
1.648 1473 
1.642 6650 


1.637 1456 
1.631 5889 
1.625 9952 
1.620 3643 
1.614 6963 


1.608 9910 
1.603 2482 
1.597 4680 
1.591 6500 
1.585 7940 


1.579 8998 
1.573 9670 
1.567 9955 
1.561 9848 
1.555 9347 


1.549 8447 
1.543 7148 
1.537 5445 
1.531 3338 
1.525 0825 


1.518 7907 
1.512 4585 
1.506 0861 
1.499 6739 
1.493 2224 


1.486 7320 
1.480 2032 
1.473 6365 
1.467 0325 
1.460 3915 


1.453 7139 
1.447 0001 
1.440 2503 
1.433 4648 
1.426 6439 


1.419 7877 
1.412 8964 


MARS, 2009 E27 
GEOCENTRIC COORDINATES FOR 0° TERRESTRIAL TIME 
| Apparent Apparent True | Apparent Apparent True 
Dac | fam | vethnaion | Gppzaie | Dae | Ri | patton | Ssret 
hem: ‘s Oo KR wht hm =°s5s ow ” 

Oct. 1 | 734 23.760 | +22 26 26.50 | 1.412 8964 | Nov. 16 | 904 35.315 | +18 4555.81] 1.065 1403 
2 | 736 46.129 | +22 22 21.67 | 1.405 9702 17 | 906 00.506 | +18 41 54.04 | 1.057 2068 
3 | 739 07.619 | +22 18 11.64 | 1.399 0092 18 | 907 23.922 | +18 37 58.80 | 1.049 2768 
4 | 741 28.220 | +22 13 56.58 | 1.392 0134 19 | 908 45.532 | +18 34 10.39 | 1.041 3523 
5 | 743 47.922 | +22 09 36.70 | 1.384 9830 20 | 9 10 05.303 | +18 30 29.12 | 1.033 4352 
6 | 746 06.715 | +22 05 12.17 | 1.377 9178 21 | 911 23.205 | +18 2655.27 | 1.025 5276 
7 | 748 24.589 | +22 00 43.22 | 1.370 8181 22 | 9 12 39.206 | +18 23 29.15 | 1.017 6314 
8 | 750 41.530 | +2156 10.05 | 1.363 6837 23 | 9 13 53.273 | +18 20 11.05 | 1.009 7485 
9 | 752 57.523 | +2151 32.89 | 1.356 5148 24 | 9 15 05.376 | +18 1701.25 | 1.001 8810 

10 | 755 12.551 | +21 46 51.97 | 1.349 3115 25 | 9 16 15.482 | +18 1400.05 | 0.994 0307 
11 | 757 26.597 | +21 42 07.52 | 1.342 0740 26 | 917 23.557 | +18 11 07.73 | 0.986 1997 
12 | 759 39.641 | +21 37 19.78 | 1.334 8026 27 | 9 18 29.570 | +18 08 24.58 | 0.978 3900 
13 | 801 51.664 | +21 32 28.97 | 1.327 4977 28 | 9 19 33.487 | +18 05 50.89 | 0.970 6035 
14 | 804 02.646 | +21 27 35.33 | 1.320 1599 29 | 9 20 35.274 | +18 03 26.94 | 0.962 8424 
15 | 806 12.571 | +21 22 39.09 | 1.312 7899 30 | 9 21 34.896 | +1801 13.03 | 0.955 1085 
16 | 808 21.422 | +21 17 40.47 | 1.305 3882 | Dec. 1 | 922 32.316 | +1759 09.47 | 0.947 4038 
17 | 810 29.184 | +21 12 39.71 | 1.297 9560 2 | 923 27.496 | +1757 16.56 | 0.939 7305 
18 | 8 12 35.841 | +21 07 37.05 | 1.290 4939 3 | 924 20.392 | +1755 34.64 | 0.932 0904 
19 | 8 14 41.380 | +21 02 32.72 | 1.283 0031 4 | 925 10.959 | +1754 04.05 | 0.924 4859 
20 | 8 16 45.785 | +2057 26.98 | 1.275 4845 5 | 925 59.148 | +1752 45.11 | 0.916 9191 
21 | 818 49.042 | +2052 20.06 | 1.267 9391 6 | 926 44.908 | +17 51 38.17 | 0.909 3924 
22 | 82051.135 | +2047 12.21 | 1.260 3679 7 | 927 28.188 | +17 50 43.56 | 0.901 9085 
23 | 8 22 52.049 | +20 42 03.66 | 1.252 7717 8 | 9 28 08.938 | +1750 01.58 | 0.894 4702 
24 | 824 51.769 | +20 36 54.65 | 1.245 1515 9 | 928 47.107 | +17 49 32.56 | 0.887 0803 
25 | 8 26 50.279 | +20 31 45.43 | 1.237 5082 10 | 929 22.646 | +1749 16.77 | 0.879 7422 
26 | 8 28 47.563 | +20 26 36.21 | 1.229 8426 11 | 92955.508 | +17 49 14.49 | 0.872 4591 
27 | 8 30 43.607 | +20 21 27.23 | 1.222 1555 12 | 930 25.644 | +17 49 26.00 | 0.865 2345 
28 | 832 38.396 | +20 16 18.74 | 1.214 4478 13 | 9 30 53.007 | +17 4951.55 | 0.858 0719 
29 | 834 31.914 | +2011 10.96 | 1.206 7202 14 | 931 17.550 | +17 50 31.37 | 0.850 9749 
30 | 8 36 24.145 | +2006 04.12 | 1.198 9736 15 | 931 39.229 | +17 51 25.67 | 0.843 9474 
31 | 838 15.075 | +2000 58.48 | 1.191 2086 16 | 931 57.999 | +17 52 34.64 | 0.836 9930 

Noy. 1 | 840 04.688 | +1955 54.26 | 1.183 4261 17 | 932 13.817 | +17 53 58.47 | 0.830 1156 
2 | 841 52.967 | +1950 51.73 | 1.175 6267 18 | 932 26.641 | +17 55 37.28 | 0.823 3190 
3 | 843 39.895 | +1945 51.15 | 1.167 8110 19 | 932 36.432 | +1757 31.19 | 0.816 6072 
4 | 845 25.452 | +19 40 52.79 | 1.159 9799 20 | 9 32 43.153 | +1759 40.30 | 0.809 9841 
5 | 84709.615 | +19 35 56.94 | 1.152 1339 21 | 932 46.770 | +18 02 04.65 | 0.803 4535 
6 | 848 52.359 | +19 31 03.89 | 1.144 2738 22 | 932 47.248 | +18 04 44.29 | 0.797 0194 
7 | 850 33.657 | +19 26 13.96 | 1.136 4004 23 | 932 44.560 | +18 07 39.22 | 0.790 6859 
8 | 852 13.480 | +19 21 27.46 | 1.128 5147 24 | 932 38.677 | +18 10 49.42 | 0.784 4568 
9 | 853.51.796 | +19 16 44.69 | 1.120 6177 25 | 932 29.575 | +18 14 14.82 | 0.778 3361 

10 | 855 28.575 | +19 12 05.96 | 1.112 7106 26 | 932 17.233 | +18 1755.34 | 0.772 3278 
11 | 857 03.788 | +19 07 31.59 | 1.104 7948 27 | 932 01.632 | +18 21 50.88 | 0.766 4358 
12 | 858 37.404 | +19 03 01.88 | 1.096 8718 28 | 931 42.756 | +18 26 01.29 | 0.760 6642 
13 | 900 09.394 | +18 58 37.13 | 1.088 9430 29 | 931 20.593 | +18 30 26.41 | 0.755 0169 
14 | 901 39.729 | +18 54 17.66 | 1.081 0103 30 | 930 55.130 | +18 35 06.05 | 0.749 4977 
15 | 903 08.379 | +18 50 03.78 | 1.073 0755 31 | 930 26.356 | +18 40 00.01 | 0.744 1107 
16 | 904 35.315 | +18 45 55.81 | 1.065 1403 32 | 929 54.262 | +18 45 08.05 | 0.738 8597 


E28 


Apparent 


Date 


GEOCENTRIC COORDINATES FOR 0" TERRESTRIAL TIME 


JUPITER, 2009 


Right 
Ascension 


Jan. 


Feb. 


bm 5S 
20 03 37.938 
20 04 35.758 
20 05 33.676 
20 06 31.688 
20 07 29.787 


20 08 27.969 
20 09 26.228 
20 10 24.560 
20 11 22.960 
20 12 21.422 


ZONSHO O37 
20 14 18.498 
20 15 17.097 
20 16 15.727 
20 17 14.385 


20 18 13.065 
20 19 11.766 
20 20 10.483 
20 21 09.213 
20 22 07.951 


20 23 06.691 
20 24 05.428 
20 25 04.156 
20 26 02.873 
20 27 01.564 


20 28 00.154 
20 28 58.772 
20 29 57.342 
20 30 55.856 
20 31 54.311 


20 32 52.701 
20 33 51.022 
20 34 49.269 
20 35 47.439 
20 36 45.526 


20 37 43.526 
20 38 41.434 
20 39 39.244 
20 40 36.949 
20 41 34.541 


20 42 32.014 
20 43 29,363 
20 44 26.584 
20 45 23.675 
20 46 20.633 


20 47 17.454 
20 48 14.136 


Apparent True | : Apparent Apparent True . 
Declination | Gsorentric | Date) Right | Dectination. | SSpecnuc® 
Q u nyo ole XS o 7 uM 

—20 49 19.96 | 6.034 1147 ] Feb. 15 | 2048 14.136 | —18 20 18.11 | 6.035 1599 
—20 46 34.49 | 6.038 8611 16 | 20 49 10.674 | —18 16 41.85 | 6.030 2700 
—20 43 47.46 | 6.043 4016 17 | 20 50 07.062 | —18 13 05.09 | 6.025 1779 
—20 40 58.90 | 6.047 7357 18 | 2051 03.294 | —18 09 27.87 | 6.019 8844 
—20 38 08.80 | 6.051 8627 19 | 2051 59.364 | —18 05 50.22 | 6.014 3899 
—20 35 17.18 | 6.055 7823 20 | 2052 55.265 | —18 02 12.20 | 6.008 6954 
—20 32 24.05 | 6.059 4941 21 | 20 53 50.992 | —17 58 33.85 | 6.002 8016 
—20 29 29.44 | 6.062 9980 22 | 20 54 46.536 | —17 5455.19 | 5.996 7094 
—20 26 33.37 | 6.066 2938 23 | 2055 41.892 | —1751 16.27 | 5.990 4197 
—20 23 35.86 | 6.069 3812 24 | 20 56 37.054 | —17 47 37.12 | 5.983 9337 
—20 20 36.96 | 6.072 2603 25 | 2057 32.014 | —17 43 57.78 | 5.977 2523 
—20 17 36.67 | 6.074 9307 26 | 20 58 26.769 | —17 40 18.27 | 5.970 3769 
—20 14 35.03 | 6.077 3923 27 | 20 59 21.313 | —17 36 38.64 | 5.963 3088 
—20 11 32.02 | 6.079 6446 28 | 2100 15.642 | —17 32 58.90 | 5.956 0495 
—20 08 27.65 | 6.081 6872 | Mar. 1] 2101 09.752 | —17 2919.11 | 5.948 6004 
—20 05 21.92 | 6.083 5196 2 | 21 02 03.639 | —17 25 39.29 | 5.940 9633 
—20 02 14.84 | 6.085 1412 3} 210257.299 | —17 21 59.49 | 5.933 1397 
—19 59 06.41 | 6.086 5513 4 | 21 03 50.726 | —17 18 19.75 | 5.925 1315 
—19 55 56.67 | 6.087 7495 5 | 21 04 43.914 | —17 14 40.13 | 5.916 9403 
—19 52 45.63 | 6.088 7352 6 | 21 05 36.857 | —17 11 00.68 | 5.908 5681 
—19 49 33.32 | 6.089 5079 7 | 2106 29.549 | —17 07 21.43 | 5.900 0164 
—19 46 19.77 | 6.090 0674 8 | 21 07 21.982 | —17 03 42.42 | 5.891 2871 
—19 43 05.02 | 6.090 4133 9 | 2108 14.152 | —17 00 03.69 | 5.882 3817 
—19 39 49.16 | 6.090 5453 10 | 21 09 06.054 | —16 56 25.25 | 5.873 3018 
—19 36 32.66 | 6.090 4632 11 | 21 09 57.685 | —1652 47.12 | 5.864 0489 
—19 33 14.20 | 6.090 1670 12 | 21 10 49.042 | —16 49 09.34 | 5.854 6242 
—19 29 54.63 | 6.089 6567 13 | 2111 40.124 | --16 45 31.93 | 5.845 0292 
—19 26 34.19 | 6.088 9322 14 | 21 12 30.927 | —16 41 54.92 | 5.835 2652 
—19 23 12.74 | 6.087 9938 15 | 21 13 21.447 | —16 38 18.36 | 5.825 3336 
—19 19 50.29 | 6.086 8417 16 | 21 1411.678 | —16 34 42.29 | 5.815 2357 
—19 16 26.83 | 6.085 4762 17 | 2115 01.616 | —16 31 06.78 | 5.804 9729 
—19 13 02.39 | 6.083 8979 18 | 21 15 51.254 | —16 27 31.85 | 5.794 5469 
—19 09 37.00 | 6.082 1073 19 | 21 16 40.585 | —16 23 57.58 | 5.783 9590 
—19 06 10.67 | 6.080 1050 20 | 21 17 29.603 | —16 20 24.00 | 5.773 2111 
—19 02 43.44 | 6.077 8917 21 | 2118 18.301 | —16 1651.16 | 5.762 3047 
—18 59 15.34 | 6.075 4682 22 | 21 19 06.673 | —16 13 19.10] 5.751 2416 
—18 55 46.42 | 6.072 8354 23 | 2119 54.712 | —16 09 47.88 | 5.740 0238 
—18 52 16.70 | 6.069 9942 24 | 21 20 42.413 | —16 06 17.54 | 5.728 6530 
—18 48 46.24 | 6.066 9453 25 | 2121 29.768 | —16 02 48.11 | 5.717 1314 
—18 45 15.06 | 6.063 6896 26 | 21 22 16.773 | —15 59 19.64 | 5.705 4611 
—18 41 43.18 | 6.060 2278 27 | 21 23 03.424 | —15 5552.17 | 5.693 6442 
—i8 38 10.62 | 6.056 5606 28 | 21 23 49.716 | —15 52 25.73 | 5.681 6832 
—18 34 37.38 | 6.052 6885 29 | 21 24 35.645 | —15 49 00.37 | 5.669 5804 
—18 31 03.50 | 6.048 6119 30 | 21 25 21.206 | —15 45 36.14 | 5.657 3384 
—18 27 28.97 | 6.044 3314 31 | 21 26 06.394 | —15 42 13.10 | 5.644 9598 
—18 23 53.83 | 6.039 8472 | Apr. 1 | 21 2651.202 | —15 3851.29 | 5.632 4472 
—18 20 18.11 | 6.035 1599 2 | 21 27 35.624 | —15 35 30.78 | 5.619 8032 


JUPITER, 2009 E29 
GEOCENTRIC COORDINATES FOR 0" TERRESTRIAL TIME 
iN | 
pparent TT Apparent 
Date Right Ricci | Geocentric | Date Right Apparent |. s¢untric 
Ascension eclination Distance Ascension Declination Distance 
i Gke Ss On ey ” hi me 3s oy} " 

Apr. 1 | 21 2651.202 | —15 38 51.29 | 5.632 4472 May 17 | 21 52 46.696 | —13 39 15.83 | 4.956 4654 
2 | 21 27 35.624 | —15 35 30.78 | 5.619 8032 18 | 21 53 07.407 | —13 37 42.63 | 4.940 6878 
3 | 21 28 19.653 | —15 32 11.62 | 5.607 0304 19 | 21 53 27.468 | —13 36 12.81 | 4.924 9157 
4 | 21 29 03.282 | —15 28 53.84 | 5.594 1314 20 | 21 53 46.874 | —13 34 46.39 | 4.909 1530 
5 | 21 29 46.506 | —15 25 37.50 | 5.581 1088 21 | 2154 05.620 | —13 33 23.40 | 4.893 4034 
6 | 21 30 29.319 | —15 22 22.61 | 5.567 9648 22 | 21 54 23.702 | —13 32 03.90 | 4.877 6710 
7 | 2131 11.718 | —15 19 09.20 | 5.554 7019 23 | 2154 41.116 | —13 30 47.89 | 4.861 9597 
8 | 21 31 53.699 | —15 15 57.32 | 5.541 3223 24 | 2154 57.857 | —13 29 35.44 | 4.846 2738 
9 | 21 32 35.260 | —15 12 46.98 | 5.527 8283 25 | 2155 13.920 | —13 28 26.58 | 4.830 6175 

10 | 21 33 16.398 | —15 09 38.23 | 5.514 2221 26 | 21 55 29.300 | —13 27 21.35 | 4.814 9951 
11 | 21 33 57.108 | —15 06 31.11 | 5.500 5058 27 | 21 55 43.990 | —13 26 19.81 | 4.799 4110 
12 | 21 34 37.386 | —15 03 25.67 | 5.486 6817 28 | 2155 57.983 | —13 25 21.98 | 4.783 8694 
13 | 21 35 17.225 | —15 00 21.96 | 5.472 7519 29 | 21 56 11.274 | —13 24 27.89 | 4.768 3744 
14 | 21 35 56.620 | —14 57 20.04 | 5.458 7189 30 | 21 56 23.860 | —13 23 37.56 | 4.752 9303 
15 | 21 36 35.564 | —14 54 19.96 | 5.444 5848 31 | 21 56 35.737 | —13 22 50.99 | 4.737 5410 
16 | 21 37 14.049 | —14 51 21.78 | 5.430 3522 | June 1] 2156 46.906 | —13 2208.19 | 4.722 2104 
17 | 21 37 52.069 | —14 48 25.55 | 5.416 0235 2 | 21 56 57.363 | —13 21 29.17 | 4.706 9423 
18 | 21 38 29.616 | —14 45 31.32 | 5.401 6012 3 | 215707.110 | —13 20 53.94 | 4.691 7407 
19 | 21 39 06.684 | —14 42 39.14 | 5.387 0880 4] 2157 16.143 | —13 20 22.51 | 4.676 6092 
20 | 21 39 43.265 | —14 39 49.05 | 5.372 4866 5 | 2157 24.461 | —13 1954.90 | 4.661 5515 
21 | 21 40 19.354 | —14 37 01.12 | 5.357 7997 6 | 21 57 32.061 | —13 19 31.13 | 4.646 5716 
22 | 21 40 54.945 | —14 34 15.37 | 5.343 0303 7 | 2157 38.940 | —13 19 11.23 | 4.631 6730 
23 | 21 41 30.032 | —14 31 31.85 | 5.328 1813 8 | 2157 45.095 | —13 18 55.22 | 4.616 8597 
24 | 2142 04.611 | —14 28 50.61 | 5.313 2557 9 | 21 57 50.522 | —13 18 43.12 | 4.602 1355 
25 | 21 42 38.676 | —14 26 11.69 | 5.298 2569 10 | 215755.217 | —13 18 34.96 | 4.587 5043 
26 | 21 43 12.223 | —14 23 35.13 | 5.283 1880 11 | 215759.176 | —13 18 30.74 | 4.572 9699 
27 | 21 43 45.246 | —14 21 01.00 | 5.268 0526 12 | 21 58 02.397 | —13 18 30.49 | 4.558 5364 
28 | 21 44 17.738 | —14 18 29.35 | 5.252 8541 13 | 21 58 04.877 | —13 18 34.21 | 4.544 2079 
29 | 21 44 49.693 | —14 16 00.23 | 5.237 5959 14 | 2158 06.613 | —13 18 41.90} 4.529 9885 
30 | 21 45 21.102 | —14 13 33.71 | 5.222 2816 15 | 21 58 07.605 | —13 18 53.59 | 4.515 8822 

May 1 | 21 4551.959 | —14 11 09.83 | 5.206 9145 16 | 21 58 07.850 | —13 1909.25 | 4.501 8935 
2 | 21 46 22.258 | —14 08 48.63 | 5.191 4981 17 | 21 58 07.349 | —13 19 28.89 | 4.488 0265 
3 | 21 46 51.992 | —14 06 30.14 | 5.176 0356 18 | 2158 06.103 | —13 19 52.50 | 4.474 2858 
4 | 21 47 21.159 | —14 04 14.39 | 5.160 5302 19 | 2158 04.111 | —13 20 20.08 | 4.460 6757 
5 | 21 47 49.754 | —1402 01.40 | 5.144 9850 20 | 21 58 01.375 | —13 2051.62 | 4.447 2008 
6 | 21 48 17.775 | —13 59 51.21 | 5.129 4032 21 | 21 5757.896 | —13 21 27.11 | 4.433 8658 
7 | 21 48 45.218 | —13 57 43.85 | 5.113 7878 22 | 2157 53.674 | —13 22 06.55 | 4.420 6753 
8 | 21 49 12.079 | —13 55 39.35 | 5.098 1419 23 | 2157 48.709 | —13 22 49.94 | 4.407 6341 
9 | 21 49 38.354 | —13 53 37.77 | 5.082 4683 24 | 2157 43.000 | —13 23 37.28 | 4.394 7467 

10 | 21 50 04.037 | —13 51 39.15 | 5.066 7704 25 | 21 57 36.548 | —13 24 28.54 | 4.382 0178 
11 | 21 50 29.122 | —13 49 43.54 | 5.051 0510 26 | 21 57 29.356 | —13 25 23.69 | 4.369 4517 
12 | 2150 53.602 | —13 47 50.98 | 5.035 3133 27 | 21 57 21.427 | —13 26 22.67 | 4.357 0528 
13 | 2151 17.471 | —13 46 01.54 | 5.019 5606 28 | 2157 12.769 | —13 27 25.45 | 4.344 8251 
14 | 2151 40.722 | —13 44 15.26 | 5.003 7961 29 | 21 57 03.387 | —13 28 31.97 | 4.332 7726 
15 | 21 52 03.347 | —13 42 32.19 | 4.988 0231 30 | 21 56 53.288 | —13 29 42.17 | 4.320 8993 
16 | 2152 25.341 | —13 40 52.36 | 4.972 2451 | July 1 | 2156 42.481 | —13 3056.03 | 4.309 2089 
17 | 21 52 46.696 | —13 39 15.83 | 4.956 4654 2 | 21 56 30.970 | —13 32 13.48 | 4.297 7051 


E30 


Date 


GEOCENTRIC COORDINATES FOR 0" TERRESTRIAL TIME 


Apparent 
Right 
Ascension 


July 


Aug. 


heme ss 
21 56 42.481 
21 56 30.970 
21 56 18.763 
21 56 05.864 
21 55 52.280 


21 55 38.016 
21 55 23.078 
21 55 07.473 
21 54 51.206 
21 54 34.286 


21 54 16.721 
21 53 58.520 
21 53 39.692 
21 53 20.248 
21 53 00.201 


21 52 39.561 
21 52 18.342 
2M S6:957 
2151 34.219 
21 51 11.340 


21 50 47.933 
21 50 24.010 
21 49 59.586 
21 49 34.677 
21 49 09.302 


21 48 43.481 
21 48 17.233 
21 47 50.580 
21 47 23.541 
21 46 56.134 


21 46 28.380 
21 46 00.295 
21 45 31.899 
21 45 03.210 
21 44 34.246 


21 44 05.026 
21 43 35.570 
21 43 05.898 
21 42 36.029 
21 42 05.986 


21 41 35.790 
21 41 05.463 
21 40 35.028 
21 40 04.507 
21 39 33.925 


21 39 03.302 
21 38 32.662 


JUPITER, 2009 


Apparent 
Declination 


—13 30 56.03 
—13 32 13.48 
—13 33 34.50 
—13 34 59.04 
—13 36 27.07 


—13137/ 98:95 
—13 39 33.40 
—13 41 11.61 
—liSv42 SS uy 
—13 44 37.87 


—13 46 25.79 
—13 48 16.82 
—13 50 10.89 
—43' 52107292 
—13 54 07.84 


—13 56 10.56 
—13 58 16.01 
—14 00 24.10 
—14 02 34.77 
—14 04 47.92 


—14 07 03.48 
—14 09 21.37 
—14 11 41.47 
—14 14 03.67 
—14 16 27.84 


—14 18 53.87 
—14 21 21.63 
—14 23 50.99 
—14 26 21.85 
—14 28 54.11 


—14 31 27.65 
—14 34 02.38 
—14 36 38.19 
—14 39 14.97 
—14 41 52.62 


—14 44 31.03 
—14 47 10.08 
--14 49 49.67 
—14 52 29.67 
—14 55 09.98 


—14 57 50.46 
—15 00 30.99 
—15 03 11.47 
= ISOS 177 
—15 08 31.78 


= Ssiirs9 
—15 13'50:50 


True . 
Geocentric 
Distance 


4.309 2089 
4.297 7051 
4.286 3918 
4.275 2725 
4.264 3510 


4.253 6308 
4.243 1156 
4.232 8090 
4.222 7147 
4.212 8362 


4.203 1772 
4.193 7413 
4.184 5323 
4.175 5536 
4.166 8090 


4.158 3021 
4.150 0366 
4.142 0162 
4.134 2445 
4.126 7250 


4.119 4614 
4.112 4569 
4.105 7148 
4.099 2381 
4.093 0294 


4.087 0913 
4.081 4259 
4.076 0355 
4.070 9220 
4.066 0873 


4.061 5330 
4.057 2609 
4.053 2726 
4.049 5694 
4.046 1529 


4.043 0243 
4.040 1850 
4.037 6361 
4.035 3787 
4.033 4139 


4.031 7428 
4.030 3662 
4.029 2852 
4.028 5004 
4.028 0126 


4.027 8226 
4.027 9308 


Date 


Apparent 
Right 
Ascension 


Apparent 
Declination 


Sept. 


Oct. 


hon 4S 


21 38 32.662 
21 38 02.026 
21 37 31.415 
21 37 00.850 
21 36 30.356 


21 35 59.955 
21'35:29°673 
21 34 59.537 
21 34 29.573 
21 33 59.805 


21 33 30.256 
21 33 00.949 
21 32 31.904 
21 32 03.142 
21 31 34.683 


21 31 06.546 
21 30 38.749 
ZA ONS 
21 29 44.255 
21 29 17.594 


21 28 51.350 
21 28 25.540 
21 28 00.184 
21 27 35.301 
21 27 10.908 


21 26 47.024 
21 26 23.665 
21 26 00.847 
21 25 38.585 
21 25 16.893 


21 24 55.786 
21 24 35.276 
21 24 15.380 
21 23 56.111 
21 23 37.486 


21239521 
21 23 02.230 
21 22 45.626 
21 22 29.720 
21 22 14.522 


21 22 00.040 
21 21 46.281 
2121331251 
21 21.20:959 
21 21 09.408 


21 20 58.606 
21 20 48.557 


—15 13 50.50 
—15 16 28.99 
—15 19 06.75 
—15 21 43.68 
—15 24 19.65 


—15 26 54.53 
—15 29 28.18 
—15 32 00.47 
—15 34 31.28 
—15 37 00.52 


—15 39 28.06 
—15 41 53.83 
—15 44 17.74 
—15 46 39.70 
—15 48 59.62 


—15 51 17.43 
—15 53 33.04 
—15 55 46.38 
SO 15730 
—16 00 05.90 


=160201:92 
—16 04 15.35 
—16 06 16.11 
—16 08 14.13 
—16 10 09.34 


—16 12 01.68 
— 1613.51.09 
—16 15 37.53 
16117 20:93 
—16 19 01.26 


—16 20 38.45 
—16 22 12.46 
—16 23 43.21 
—16 25 10.04 
—16 26 34.69 


—16 27 55.30 
—16 29 12.42 
—16 30 26.02 
—16 31 36.08 
—16 32 42.58 


—16 33 45.49 
—16 34 44.81 
—16 35 40.52 
—16 36 32.60 
—16 37 21.04 


—16 38 05.83 
—16 38 46.95 


iiue 
Geocentric 
Distance 


4.027 9308 
4.028 3377 
4.029 0436 
4.030 0485 
4.031 3523 


4.032 9543 
4.034 8540 
4.037 0503 
4.039 5420 
4.042 3276 


4.045 4056 
4.048 7744 
4.052 4321 
4.056 3769 
4.060 6067 


4.065 1197 
4.069 9137 
4.074 9864 
4.080 3358 
4.085 9595 


4.091 8551 
4.098 0204 
4.104 4528 
4.111 1500 
4.118 1095 


4.125 3288 
4.132 8052 
4.140 5362 
4.148 5189 
4.156 7505 


4.165 2281 
4.173 9483 
4.182 9077 
4.192 1029 
4.201 5301 


4.211 1851 
4.221 0640 
4.231 1624 
4.241 4762 
4.252 0011 


4.262 7326 
4.273 6665 
4.284 7985 
4.296 1242 
4.307 6393 


4.319 3395 
4.331 2205 


JUPITER, 2009 B3u 


GEOCENTRIC COORDINATES FOR 0° TERRESTRIAL TIME 


an 


cas a 
Apparent Apparent True Apparent Apparent True 
mac | ah | estnaion | Gomi | Dae] High | Staton | Spat 
hi ms CH I hm i s oy ” 

Oct. 1 | 21 20 48.557 | —16 38 46.95 | 4.331 2205 | Nov. 16 | 21 27 04.467 | —16 04 10.34] 4.998 7367 
2 | 21 20 39.267 | —16 39 24.38 | 4.343 2782 17 | 21 27 29.843 | —1602 02.91 | 5.014 2550 
3 | 21 20 30.740 | —16 39 58.12 | 4.355 5082 18 | 21 27 55.869 | —15 59 52.22 | 5.029 7498 
4 | 21 20 22.983 | —16 40 28.15 | 4.367 9064 19 | 21 28 22.535 | —15 57 38.32 | 5.045 2172 
5 | 21 20 16.000 | —16 40 54.46 | 4.380 4687 20 | 21 28 49.832 | —15 55 21.23 | 5.060 6531 
6 | 21 20 09.796 | —16 41 17.03 | 4.393 1909 21 | 21 29 17.752 | —15 53 00.98 | 5.076 0537 
7 | 21 20 04.375 | —16 41 35.88 | 4.406 0691 22 | 21 29 46.284 | —15 50 37.60 | 5.091 4150 
8 | 21 19 59.741 | —16 41 51.00 | 4.419 0991 23 | 21 30 15.421 | —15 48 11.12 | 5.106 7335 
9 | 21 19 55.896 | —16 42 02.39 | 4.432 2770 24 | 21 30 45.154 | —15 45 41.55 | 5.122 0053 

10 | 21 19 52.840 | —16 42 10.07 | 4.445 5987 25 | 2131 15.474 | —15 43 08.92 | 5.137 2270 
11 | 21 19 50.576 | —16 42 14.03 | 4.459 0600 26 | 21 31 46.373 | —15 40 33.25 | 5.152 3951 
12 | 21 19 49.103 | —16 42 14.28 | 4.472 6569 27 | 2132 17.844 | —15 37 54.56 | 5.167 5062 
13 | 21 19 48.421 | —16 42 10.82 | 4.486 3849 28 | 21 32 49.880 | —15 35 12.87 | 5.182 5569 
14 | 21 19 48.531 | —16 42 03.64 | 4.500 2399 29 | 21 33 22.473 | —15 32 28.19 | 5.197 5443 
15 | 21 19 49.436 | —16 41 52.71 | 4.514 2171 30 | 21 33 55.617 | —15 29 40.55 | 5.212 4650 
16 | 21 1951.137 | —16 41 38.03 | 4.528 3121 | Dec. 1 | 21 34 29.304 | —15 26 49.97 | 5.227 3163 
17 | 21 19 53.637 | —16 41 19.59 | 4.542 5201 2 | 21 35 03.526 | —15 23 56.48 | 5.242 0952 
18 | 21 19 56.938 | —16 40 57.37 | 4.556 8363 3 | 21 35 38.277 | —15 2100.13 | 5.256 7988 
19 | 21 20 01.040 | —16 40 31.40 | 4.571 2559 4 | 21 36 13.545 | —15 18 00.93 | 5.271 4245 
20 } 21 20 05.943 | —16 40 01.68 | 4.585 7739 5 | 21 36 49.321 | —15 1458.92 | 5.285 9694 
21 | 21 20 11.644 | —16 39 28.23 | 4.600 3856 6 | 21 37 25.597 | —15 11 54.12 | 5.300 4308 
22 | 21 20 18.140 | —16 38 51.08 | 4.615 0862 7 | 21 38 02.364 | —15 08 46.55 | 5.314 8056 
23 | 21 20 25.427 | —16 38 10.24 | 4.629 8708 8} 21 38 39.615 | —15'05 36.21 | 5.329'0910 
24 | 21 20 33.500 | —16 37 25.74 | 4.644 7348 9 | 21 39 17.346 | —15 02 23.11 | 5.343 2838 
25 | 21 20 42.354 | —16 36 37.59 | 4.659 6736 10 | 21 39 55.550 | —1459 07.25 | 5.357 3810 
26 | 21 20 51.985 | —16 35 45.82 | 4.674 6826 11 | 21 40 34.222 | —1455 48.64 | 5.371 3793 
27 | 21 21 02.386 | —16 34 50.45 | 4.689 7573 12 | 21 41 13.358 | —1452 27.31 | 5.385 2757 
28 | 21 21 13.553 | —16 33 51.48 | 4.704 8933 13 | 21 41 52.950 | —14 49 03.27 | 5.399 0668 
29 | 21 21 25.482 | —16 32 48.94 | 4.720 0863 14 | 21 42 32.992 | —14 45 36.56 | 5.412 7497 
30 | 21 21 38.167 | —16 31 42.83 | 4.735 3319 15 | 21 43 13.475 | —14 4207.21 | 5.426 3211 
31 | 21 21 51.604 | —16 30 33.16 | 4.750 6261 16 | 21 43 54.391 | —14 38 35.24 | 5.439 7780 

Nov. 1 | 21 22 05.788 | —16 29 19.97 | 4.765 9646 17 | 21 44 35.731 | —1435 00.70 | 5.453 1175 
2 | 21 22 20.715 | —16 28 03.24 | 4.781 3436 18 | 21 45 17.485 | —1431 23.62 | 5.466 3366 
3 | 21 22 36.381 | —16 26 43.01 | 4.796 7591 19 | 21 45 59.645 | —14 27 44.03 | 5.479 4325 
4 | 21 22 52.781 | —16 25 19.30 | 4.812 2072 20 | 21 46 42.202 | —14 2401.95 | 5.492 4025 
5 | 21 23 09.909 | —16 23 52.14 | 4.827 6843 21 | 21 47 25.147 | —14 20 17.43 | 5.505 2439 
6 | 21 23 27.758 | —16 22 21.54 | 4.843 1864 22 | 21 48 08.473 | —14 16 30.47 | 5.517 9543 
7 | 21 23 46.320 | —16 20 47.55 | 4.858 7100 23 | 2148 52.171 | —1412 41.11 | 5.530 5311 
8 | 21 24 05.589 | —16 19 10.17 | 4.874 2512 24 | 21 49 36.234 | —14 08 49.37 | 5.542 9720 
9 | 21 24 25.556 | —16 17 29.43 | 4.889 8061 25 | 2150 20.656 | —14 04 55.27 | 5.555 2747 

10 | 21 24 46.217 | —16 15 45.32 | 4.905 3708 26 | 2151 05.429 | —1400 58.84 | 5.567 4371 
11 | 21 25 07.565 | —16 13 57.86 | 4.920 9414 27 | 2151 50.548 | —13 5700.09 | 5.579 4571 
12 | 21 25 29.596 | —16 12 07.04 | 4.936 5137 28 | 2152 36.005 | —13 5259.07 | 5.591 3328 
13 | 21 25 52.307 | —16 10 12.86 | 4.952 0836 29 | 2153 21.794 | —13 4855.79 | 5.603 0622 
14 | 21 26 15.692 | —16 08 15.34 | 4.967 6469 30 | 2154 07.908 | —13 4450.29 | 5.614 6435 
15 | 21 26 39.748 | —16 06 14.50 | 4.983 1993 31 | 2154 54.339 | —13 40 42.61 | 5.626 0752 
16 | 21 27 04.467 | —16 04 10.34 | 4.998 7367 32 | 2155 41.077 | —13 36 32.79 | 5.637 3556 


E32 SATURN, 2009 
GEOCENTRIC COORDINATES FOR 0° TERRESTRIAL TIME 
Appab en Apparent True. eae Apparent True . 
"ae Aone Declination Soe pe AseceetGn Declination Tres 
eas: OU ie hy m 3s Cy 4 u 

Jan. 0 | 11 32 59.230 | + 5 08 37.68 | 9.017 6488 | Feb. 15 | 11 2655.326 | + 559 24.34 | 8.467 3707 
1 | 11 3259.774 | + 5 0852.21 | 9.001 9167 16 | 11 26 40.134 | + 601 12.26 | 8.460 8911 
2 | 11 3259.906 | + 509 09.37 | 8.986 2821 17 | 11 26 24.737 | + 603 01.19 | 8.454 6999 
3 | 11 32 59.627 | + 509 29.12 | 8.970 7501 18 | 11 26 09.141 | + 60451.07 | 8.448 7997 
4 | 1132 58.941 | + 509 51.45 | 8.955 3259 19 | 11 25 53.356 | + 606 41.86} 8.443 1931 
5 | 11 32 57.848 | + 5 10 16.34 | 8.940 0148 20 | 11 25 37.388 | + 608 33.49 | 8.437 8825 
6 | 11 32 56.353 | + 5 1043.76 | 8.924 8217 21) 11 25 21.246 | + 610 25.92 | 8.432 8701 
7 | 1132 54.458 | + 5 11 13.70 | 8.909 7515 22 | 11 25 04.938 | + 612 19.07 | 8.428 1581 
8 | 1132 52.165 | + 511 46.13 | 8.894 8090 23 | 11 24 48.473 | + 614 12.89 | 8.423 7485 
9 | 11 32 49.475 | + 5 12 21.04 | 8.879 9990 24 | 11 24 31.859 | + 6 1607.31 | 8.419 6433 
10 | 11 32 46.388 | + 5 12 58.44 | 8.865 3259 25 | 11 24 15.107 | + 618 02.28 | 8.415 8440 
11 | 11 32 42.903 | + 5 13 38.33 | 8.850 7944 26 | 11 23 58.227 | + 61957.70} 8.412 3522 
12 | 11 32 39.018 | + 5 14 20.70 | 8.836 4090 27 | 11 23 41.229 | + 6 2153.51 | 8.409 1693 
13 | 11 32 34.735 | + 5 1505.54 | 8.822 1742 28 | 1123 24.125} + 623 49.64 | 8.406 2963 
14 | 11 32 30.055 | + 5 15 52.84 | 8.808 0948 | Mar. 1] 11 23 06.928] + 625 45.99 | 8.403 7342 
15 | 11 32 24.982 | + 5 16 42.56 | 8.794 1755 2} 1122 49.648 | + 627 42.51 | 8.401 4837 
16 | 1132 19.518 | + 5 17 34.69 | 8.780 4211 3} 11 22 32.296 | + 6 29 39.12 | 8.399 5452 
17 | 11 32 13.668 | + 5 18 29.18 | 8.766 8367 4] 1122 14.882 | + 631 35.75 | 8.397 9192 
18 | 11 32 07.436 | + 5 19 26.00 | 8.753 4271 5 | 11 21 57.415 | + 633 32.35 | 8.396 6056 
19 | 11 32 00.825 | + 5 2025.14 | 8.740 1973 6} 11 21 39.904 | + 635 28.87 | 8.395 6044 
20 | 11 31 53.838 | + 5 21 26.56 | 8.727 1523 7 | 1121 22.356 | + 637 25.27 | 8.394 9154 
21 | 11 31 46.479 | + 5 22 30.24 | 8.714 2970 8 | 11 21 04.779 | + 639 21.48 | 8.394 5384 
22 | 11 31 38.749 | + 5 23 36.15 | 8.701 6364 9] 11 20 47.182 | + 641 17.45 | 8.394 4731 
23 | 11 31 30.654 | + 5 24 44.27 | 8.689 1753 10 | 11 20 29.573 | + 643 13.12 | 8.394 7190 
24 | 11 31 22.194 | + 5 25 54.56 | 8.676 9186 11} 11 20 11.964 | + 645 08.43 | 8.395 2758 
25 | 1131 13.375 | + 5 2707.00 | 8.664 8709 12 | 11 19 54.364 | + 647 03.30 | 8.396 1431 
26 | 11 31 04.200 | + 5 28 21.56 | 8.653 0370 13 | 11 19 36.786 | +- 6 48 57.66 | 8.397 3205 
27 | 11 30 54.672 | + 5 29 38.19 | 8.641 4215 14) 1119 19.239) + 65051.46 | 8.398 8076 
28 | 11 30 44.798 | + 5 30 56.86 | 8.630 0289 15 | 11 1901.734 | + 652 44.62 | 8.400 6039 
29 | 11 30 34.582 | + 5 3217.52 | 8.618 8635 16 | 11 18 44.280 | + 654 37.09 | 8.402 7088 
30 | 11 30 24.032 | + 5 33 40.13 | 8.607 9296 17 | 11 18 26.887 | + 656 28.82 | 8.405 1217 
31 | 11 30 13.153 | + 535 04.61 | 8.597 2313 18 | 11 18 09.562 | + 658 19.75 | 8.407 8418 
Feb. 1 | 11 3001.955 | + 5 36 30.94 | 8.586 7725 19) 11 1752.315 | + 700 09.83 | 8.410 8681 
2 | 11 2950.444 | + 5 3759.03 | 8.576 5571 20 | 11 17 35.154 | + 701 59.01 | 8.414 1998 
3 | 11 29 38.628 | + 5 39 28.84 | 8.566 5887 21} 1117 18.089 | + 7 03 47.23 | 8.417 8355 
4 | 1129 26.514 | + 5 41 00.32 | 8.556 8707 22 | 111701.127 | + 705 34.43 | 8.421 7740 
5 | 1129 14.110 | + 5 42 33.42 | 8.547 4064 23 | 11 16 44.277 | + 707 20.57 | 8.426 0139 
6 | 11 2901.421 | + 5 4408.10 | 8.538 1990 24 | 11 16 27.550 | + 7.09 05.58 | 8.430 5536 
7 | 1128 48.452 | + 5 45 44.33 | 8.529 2515 25 | 11 16 10.955 | + 7 1049.39 | 8.435 3913 
8 | 11 28 35.207 | + 5 47 22.06 | 8.520 5667 26 | 11 15 54.502 | + 7 1231.95 | 8.440 5251 
9 | 11 28 21.691 | + 54901.27 | 8.512 1475 27 | 11 15 38.202 | + 714 13.19 | 8.445 9529 
10 | 11 28 07.910 | + 5 5041.90 | 8.503 9968 28 | 11 15 22.066 | + 7 15 53.04 | 8.451 6724 
11 | 11 2753.873 | + 552 23.90 | 8.496 1174 29 | 1115 06.104 | + 717 31.45 | 8.457 6810 
12 | 11 27 39.586 | + 5 5407.21 | 8.488 5122 30 | 11 1450.326 | + 7 1908.35 | 8.463 9762 
13 | 11 27 25.060 | + 555 51.76 | 8.481 1841 31} 11 1434.742 | + 7 2043.70 | 8.470 5549 
14 | 11 27 10.304 | + 557 37.49 | 8.474 1360 | Apr. 1] 11 14 19.358] + 722 17.47] 8.477 4141 
15 | 11 26 55.326 | + 559 24.34 | 8.467 3707 2} 11 1404.181 | + 723 49.61 | 8.484 5508 


SATURN, 2009 E38 


GEOCENTRIC COORDINATES FOR 0° TERRESTRIAL TIME 


| 
Apparent Apparent 
Date Right ae Gencentctc’ lhibate Right ue ee 
Ascension eclination Distance Ascension Declination Distance 
he ms Om v hm 5 HX 2 " 

April | Ma 9'358)| EST 20 17.47 WS ATTA May 17 | 1107 48.800 | + 756 49.66 | 9.034 3469 
2 | 11 1404.181 | + 723 49.61 | 8.484 5508 18 | 11 07 48.688 | + 756 39.12 | 9.050 1428 
3 | 1113 49.216 | + 725 20.11 | 8.491 9617 19 | 11 07 48.960 | + 756 26.13 | 9.066 0249 
4 | 11 13 34.471 | + 726 48.92 | 8.499 6434 20 | 11 07 49.618 | + 756 10.68 | 9.081 9886 
5 | 11 13 19.950 | + 728 16.01 | 8.507 5926 21 | 1107 50.663 | + 755 52.76 | 9.098 0292 
6 | 11 13 05.660 | + 729 41.35 | 8.515 8061 22 | 11 0752.097 | + 755 32.38 | 9.114 1420 
7 | 1112 51.609 | + 731 04.89 | 8.524 2805 23 | 1107 53.922 | + 755 09.52 | 9.130 3223 
8 | 11 12 37.805 | + 732 26.59 | 8.533 0125 24 | 11 0756.138 | + 754 44.18 | 9.146 5650 
9 | 11 12 24.255 | + 733 46.40 | 8.541 9989 25 | 1107 58.745 | + 754 16.39 | 9.162 8653 

10 | 11 12 10.968 | + 735 04.28 | 8.551 2364 26 | 1108 01.740 | + 753 46.16 | 9.179 2181 
11 | 11 11 57.951 | + 7 36 20.19 | 8.560 7218 27 | 1108 05.122 | + 753 13.52 | 9.195 6184 
12 | 11 11 45.210 | + 737 34.11 | 8.570 4518 28 | 1108 08.885 | + 752 38.49 | 9.212 0611 
13 | 11 11 32.751 | + 7 38 46.00 | 8.580 4232 29 | 1108 13.027 | + 75201.10] 9.228 5415 
14 | 11 11 20.579 | + 739 55.84 | 8.590 6325 30 | 1108 17.545 | + 751 21.36 | 9.245 0546 
15 | 11 11 08.699 | + 741 03.61 | 8.601 0764 31 | 1108 22.439 | + 750 39.29 | 9.261 5959 
16 | 11 10 57.115 | + 74209.28 | 8.611 7513 | June 1] 1108 27.706] + 749 54.88 | 9.278 1608 
17 | 11 10 45.833 | + 7 43 12.83 | 8.622 6537 2 | 11 08 33.348 | + 74908.14 | 9.294 7450 
18 | 11 10 34.857 | + 744 14.23 | 8.633 7799 3 | 11 08 39.363 | + 748 19.08 | 9.311 3441 
19 | 11 10 24.193 | + 745 13.46 | 8.645 1262 4) 1108 45.750 | + 7 47 27.71 | 9.327 9539 
20 | 11 10 13.844 | + 746 10.48 | 8.656 6886 5 | 1108 52.508 | + 7 46 34.05 | 9.344 5703 
21 | 11 10 03.817 | + 747 05.27 | 8.668 4634 6] 110859.635 | + 745 38.12 | 9.361 1894 
22 | 1109 54.117 | + 7 4757.80 | 8.680 4464 7 | 110907.128 | + 744 39.92 | 9.377 8069 
23 | 1109 44.751 | + 7 48 48.04 | 8.692 6335 8 | 11 09 14.984 | + 743 39.49 | 9.394 4191 
24 | 11 09 35.723 | + 749 35.95 | 8.705 0204 9 | 1109 23.200 | + 7 42 36.85 | 9.411 0219 
25 | 1109 27.042 | + 750 21.49 | 8.717 6028 10 | 11 09 31.773 | + 741 32.02 | 9.427 6114 
26 | 1109 18.711 | + 751 04.65 | 8.730 3759 11 | 1109 40.700 | + 740 25.01 | 9.444 1837 
27 | 11 09 10.737 | + 751 45.41 | 8.743 3352 12 | 1109 49.978 | + 739 15.85 | 9.460 7349 
28 | 1109 03.121 | + 752 23.76 | 8.756 4758 13 | 110959.604 | + 738 04.54 | 9.477 2609 
29 | 11 08 55.867 | + 752 59.69 | 8.769 7930 14 | 11 1009.577 | + 7 3651.11 | 9.493 7580 
30 | 11 08 48.973 | + 753 33.22 | 8.783 2816 15 | 1110 19.894 | + 735 35.56} 9.510 2220 

May 1 | 1108 42.442 | + 754 04.34 | 8.796 9370 16 | 11 10 30.554 | + 734 17.91 | 9.526 6491 
2 | 11 08 36.274 | + 754 33.06 | 8.810 7543 17 | 1110 41.556 | + 73258.15 | 9.543 0352 
3 | 11 08 30.471 | + 754 59.36 | 8.824 7286 18 | 11 10 52.898 | + 731 36.30 | 9.559 3763 
4 | 11 08 25.036 | + 755 23.23 | 8.838 8554 19 | 11 1104.580 | + 7 3012.36 | 9.575 6683 
5 | 1108 19.971 | + 755 44.66 | 8.853 1299 20 | 11 11 16.602 | + 7 28 46.35 | 9.591 9070 
6 | 1108 15.280 | + 756 03.63 | 8.867 5477 21 | 1111 28.960 | + 727 18.28 | 9.608 0882 
7 | 1108 10.965 | + 756 20.14 | 8.882 1043 22 | 1111 41.651 | + 725 48.17 | 9.624 2076 
8 | 11 08 07.030 | + 756 34.19 | 8.896 7953 23. | 11 1154.671 | + 7 24 16.07 | 9.640 2610 
9 | 1108 03.475 | + 756 45.75 | 8.911 6163 24 | 11 12:08.013 | + 722 42.02 | 9.656 2441 

10 | 11 08 00.302 | + 756 54.85 | 8.926 5631 25 | 11 12 21.673 | + 721 06.04 | 9.672 1527 
11 | 11.07 57.511 | + 757 01.48 | 8.941 6313 26 | 11 12 35.646 | + 719 28.16 | 9.687 9826 
12 | 1107 55.103 | + 757 05.64 | 8.956 8166 27 | 11 12 49.926 | + 717 48.41 | 9.703 7301 
13 | 1107 53.078 | + 757 07.34 | 8.972 1146 28 | 11 13 04.514 | + 7 1606.80} 9.719 3914 
14 | 11 07 51.434 | + 757 06.60 | 8.987 5211 29 | 1113 19.405 | + 7 14 23.34 | 9.734 9628 
15 | 110750.174 | + 757 03.40 | 9.003 0315 30 | 11 13 34.599 | + 7 12 38.05 | 9.750 4409 
16 | 1107 49.295 | + 75657.75 | 9.018 6416 | July 11] 11 1350.093 | + 7 1050.94 | 9.765 8224 
17 | 11 07 48.800 | + 756 49.66 | 9.034 3469 2 | 11 1405.884 | + 709 02.03 | 9.781 1039 


E34 


Date 


GEOCENTRIC COORDINATES FOR 0° TERRESTRIAL TIME 


Apparent 
Right 
Ascension 


July 


Aug. 


him. <s 
11 13 50.093 
11 14 05.884 
11 14 21.969 
11 14 38.343 
11 14 55.002 


11 15 11.943 
11 15 29.161 
11 15 46.651 
11 16 04.409 
11 16 22.432 


11 16 40.716 
11 16 59.259 
11 17 18.057 
11 17 37.109 
11 17 56.413 


11 18 15.966 
11 18 35.767 
11 18 55.813 
11 19 16.101 
11 19 36.627 


11 19 57.383 
11 20 18.365 
11 20 39.566 
11 21 00.981 
11 21 22.606 


11 21 44.440 
11 22 06.481 
11 22 28.724 
11 22 51.168 
11 23 13.809 


11 23 36.643 
11 23 59.664 
11 24 22.868 
11 24 46.251 
11 25 09.808 


11825133'535 
11 25 57.427 
11 26 21.481 
11 26 45.693 
11 27 10.061 


11 27 34.582 
11 27 59.254 
11 28 24.075 
11 28 49.042 
11 29 14.154 


11 29 39.406 
11 30 04.795 


SATURN, 2009 


Declination 


tt FtttH+ FtHee FH+HHH F+HHH FH+tee FtttHe Ft+ttte Fttt+ FH4+4H+ 


Apparent 


7 10 50.94 
7 09 02.03 
7 07 11.36 
7 05 18.94 
7 03 24.80 


7 01 28.97 
6 59 31.48 
6 57 32.34 
6 55 31.60 
6 53 29.26 


6 51°25.35 
6 49 19.89 
6 47 12.88 
6 45 04.33 
6 42 54.28 


6 40 42.71 
6 38 29.65 
6 36 15.12 
6 33 59.14 
6 31 41.75 


6 29 22.98 
6 27 02.88 
6 24 41.47 
6 22 18.80 
6 19 54.87 


6 17 29.70 
6 15 03.32 
6 12 35.72 
6 10 06.95 
6 07 37.02 


6 05 05.96 
6 02 33.81 
6 00 00.58 
5157'26:32 
5 54 51.04 


5 52 14.78 
5 49 37.56 
5 46 59.40 
5 44 20.32 
5 41 40.34 


5 38 59.47 
5 36 17.73 
2)9}6), sb Il) 
5 30 51.68 
5 28 07.41 


5 25 22.34 
5 22 36.50 


True | 
Geocentric 
Distance 


Apparent 
Right 
Ascension 


9.765 8224 
9.781 1039 
9.796 2824 
9.811 3547 
9.826 3177 


9.841 1684 
9.855 9037 
9.870 5208 
9.885 0166 
9.899 3882 


9.913 6326 
9.927 7469 
9.941 7280 
919555129 
9.969 2787 


9.982 8423 
9.996 2606 
10.009 5304 
10.022 6485 
10.035 6118 


10.048 4170 
10.061 0610 
10.073 5406 
10.085 8529 
10.097 9951 


10.109 9645 
10.121 7588 
10.133 3756 
10.144 8126 
10.156 0678 


10.167 1392 
10.178 0246 
10.188 7221 
10.199 2299 
10.209 5459 


10.219 6684 
10.229 5954 
10.239 3251 
10.248 8556 
10.258 1851 


10.267 3117 
10.276 2334 
10.284 9483 
10.293 4545 
10.301 7500 


10.309 8327 


10.317 7006 | Oct. 


him) s 


11 30 04.795 
11 30 30.315 
11 30 55.960 
11:30 21.723 
11 31 47.601 


11 32 13.588 
11 32 39.681 
11 33 05.879 
UiB8iS2178 
INMS8158 577 


11 34 25.070 
11 34 51.655 
11 35 18.326 
11 35 45.079 
11 36 11.909 


11 36 38.811 
11 37 05.780 
11 37 32.813 
11 37 59.905 
11 38 27.053 


11 38 54.255 
11 39 21.506 
11 39 48.806 
11 40 16.151 
11 40 43.540 


11 41 10.970 
11 41 38.438 
11 42 05.939 
11 42 33.468 
11 43 01.021 


11 43 28.590 
11 43 56.171 
11 44 23.755 
11 44 51.339 
11 45 18.922 


11 45 46.506 
11 46 14.087 
11 46 41.660 
11 47 09.220 
11 47 36.763 


11 48 04.284 
11 48 31.777 
11 48 59.237 
11 49 26.661 
11 49 54.042 


11 50 21.378 
11 50 48.663 


Apparent 


Declination 


+++H+4+ 4444+ 44444 


+++++ 


tH FttH++ F+444+ 4F4+4+4+4+ F+4+4+4+ F¢4+4+4++4 


Om fi uw 


5 22 36.50 
5 19 49.92 
5 17 02.65 
5 14 14.73 
5 11 26.18 


5 08 37.05 
5 05 47.33 
5 02 57.06 
5 00 06.24 
4 57 14.90 


4 54 23.07 
451 30.76 
4 48 38.02 
4 45 44.88 
4 42 51.36 


4 39 57.50 
4 37 03.33 


4 34 08.87 | 


431 14.14 
4 28 19.18 


4 25 23.99 
4 22 28.60 
4 19 33.02 
4 16 37.26 
4 13 41.34 


4 1045.29 
4 07 49.13 
4 04 52.88 
401 56.59 
3 59 00.29 


3 56 04.03 
3 53 07.87 
3 50 11.82 
3 47 15.88 
3 44 20.02 


3 41 24.29 
3 38 28.74 
3 35 33.41 
3 32 38.32 
3 29 43.50 


3 26 48.98 
3 23 54.80 
3 21 00.99 
3 18 07.57 
3 15 14.58 


3 12 22.05 
3 09 29.99 


True . 
Geocentric 
Distance 


10.317 7006 
10.325 3516 
10.332 7837 
10.339 9948 
10.346 9831 


10.353 7468 
10.360 2843 
10.366 5941 
10.372 6750 
10.378 5260 


10.384 1459 
10.389 5338 
10.394 6889 
10.399 6104 
10.404 2975 


10.408 7493 
10.412 9653 
10.416 9447 
10.420 6867 
10.424 1908 


10.427 4562 
10.430 4823 
10.433 2683 
10.435 8135 
10.438 1172 


10.440 1786 
10.441 9968 
10.443 5711 
10.444 9005 
10.445 9843 


10.446 8217 
10.447 4120 
10.447 7545 
10.447 8489 
10.447 6948 


10.447 2921 
10.446 6409 
10.445 7414 
10.444 5937 
10.443 1984 


10.441 5559 
10.439 6666 
10.437 5311 
10.435 1499 
10.432 5237 


10.429 6530 
10.426 5385 


Date 


Oct. 


Nov. 


GEOCENTRIC COORDINATES FOR 0° TERRESTRIAL TIME 


SATURN, 2009 


Apparent Apparent 
Right ee ae Gaecentié Date Right aug 
Ascension eclination Distance Ascension Declination 
ey jo 8 oa 7 " hm 5s o * 
11 50 48.663 | + 309 29.99 | 10.426 5385 | Nov. 16 | 1209 43.255 | + 1 13 43.39 
11 51 15.896 | + 3 06 38.43 | 10.423 1808 17 | 12 10 03.722 | + 111 43.86 
11 51 43.072 | + 3 03 47.39 | 10.419 5806 18 | 12 10 23.943 | + 109 46.11 
11 52 10.190 | + 3 00 56.89 | 10.415 7386 19 | 12 10 43.912 | + 107 50.16 
11 52 37.247 | + 258 06.94 | 10.411 6553 20 | 12 11 03.625 | + 105 56.06 
1153 04.241 | + 255 17.56 | 10.407 3314 21 | 12 11 23.077 | + 104 03.83 
1153 31.168 | + 252 28.77 | 10.402 7675 22 | 12 11 42.261 | + 102 13.49 
11 53 58.026 | + 2 49 40.59 | 10.397 9640 23 | 12 1201.174 | + 100 25.09 
11 54 24.811 | + 2 4653.05 | 10.392 9216 24 | 1212 19.812 | + 058 38.64 
1154 51.516 | + 2 4406.20 | 10.387 6407 25 | 12 12 38.170 | + 056 54.16 
11 55 18.137 | + 241 20.06 | 10.382 1219 26 | 12 12 56.247 | + 055 11.68 
1155 44.667 | + 2 38 34.68 | 10.376 3658 27 | 12 13 14.038 | + 053 31.20 
1156 11.101 | + 235 50.10 | 10.370 3731 28 | 12 13 31.541 | + 051 52.75 
11 56 37.433 | + 233 06.34 | 10.364 1444 29 | 12 13 48.755 | + 050 16.33 
11 57 03.660 | + 2 30 23.45 | 10.357 6808 30 | 12 1405.677 | + 048 41.96 
1157 29.779 | + 227 41.44 | 10.350 9832 | Dec. 1] 12 14 22.304 |} + 047 09.65 
11 57 55.786 | + 225 00.33 | 10.344 0529 2 | 12 14 38.633 | + 045 39.42 
11 58 21.678 | + 222 20.14 | 10.336 8912 3 | 12 1454.660 | + 044 11.29 
11 58 47.453 | + 2 19 40.90 | 10.329 4997 4] 1215 10.380} + 042 45.30 
11 59 13.106 | + 2 1702.64 | 10.321 8800 5 | 12 15 25.786 | + 041 21.49 
11 59 38.632 | + 2 14 25.37 | 10.314 0339 6 | 12 15 40.874 | + 039 59.88 
12 00 04.026 | + 211 49.15 | 10.305 9633 7} 12 15 55.637 | + 038 40.51 
12 00 29.282 | + 209 14.00 | 10.297 6700 8 | 12 16 10.073 | + 037 23.41 
12 00 54.396 | + 206 39.97 | 10.289 1561 9 | 12 16 24.178 | + 0 3608.59 
12 01 19.361 | + 2 0407.07 | 10.280 4237 10} 12 16 37.950 | + 034 56.07 
12 01 44.174 | + 201 35.35 | 10.271 4747 11 | 12 16 51.387 | + 033 45.85 
12 02 08.829 | + 159 04.83 | 10.262 3112 12 | 12 17 04.487 | + 032 37.95 
12 02 33.324 | + 156 35.53 | 10.252 9355 13 | 1217 17.245 | + 031 32.39 
12 02 57.652 | + 1 5407.49 | 10.243 3495 14 | 1217 29.660 | + 030 29.18 
12 03 21.813 | + 151 40.72 | 10.233 5556 15 | 12 17 41.726 | + 029 28.34 
12 03 45.802 | + 149 15.25 | 10.223 5558 16 | 12 1753.439 | + 028 29.90 
12 04 09.617 | + 1 4651.08 | 10.213 3524 17 | 12 18 04.796 | + 027 33.89 
12 04 33.255 | + 144 28.24 | 10.202 9474 18 | 1218 15.791 | + 026 40.31 
12 04 56.715 | + 1 42 06.74 | 10.192 3430 19 | 12 18 26.422 | + 025 49.20 
12 05 19.992 | + 139 46.60 | 10.181 5414 20 | 12 18 36.684 | + 025 00.57 
12 05 43.082 | + 1 3727.85 | 10.170 5444 21 | 12 18 46.575 | + 024 14.44 
12 06 05.981 | + 135 10.53 | 10.159 3543 22 | 12 18 56.092 | + 0 23 30.81 
12 06 28.682 | + 1 3254.67 | 10.147 9730 23 | 12 19 05.234 | + 022 49.70 
12 06 51.179 | + 1 3040.32 | 10.136 4026 24 | 12 19 14.000 | + 022 11.10 
12 07 13.467 | + 128 27.51 | 10.124 6453 25 | 12 19:22.387,| + 0'2135.03 
12 07 35.539 | + 1 2616.28 | 10.112 7034 26 | 12 19 30.395 | + 021 01.47 
12 07 57.392 | + 1 2406.65 | 10.100 5793 27 | 12 19 38.024 | + 020 30.44 
12 08 19.023 | + 1 2158.66 | 10.088 2754 28 | 12 19 45.272 | + 02001.92 
12 08 40.428 | + 1 1952.32 | 10.075 7946 29 | 12 1952.140 | + 019 35.92 
12 09 01.604 | + 1 1747.64 | 10.063 1397 30} 1219 58.625 | + 019 12.45 
12 09 22.547 | + 1 15 44.66 | 10.050 3136 31 |} 12 2004.725 | + 018 51.52 
12 09 43.255 | + 1 13 43.39 | 10.037 3196 32 | 12 20 10.436 | + 018 33.14 


E35 


rue | 
Geocentric 
Distance 


10.037 3196 
10.024 1609 
10.010 8409 
D907 365i 
9.983 7309 


9.969 9480 
9.956 0181 
9.941 9446 
9.927 7314 
DONS 3 822, 


9.898 9006 
9.884 2904 
9.869 5553 
9.854 6990 
9.839 7254 


9.824 6379 
9.809 4403 
9.794 1361 
9.778 7289 
9.763 2222 


9.747 6196 
9.731 9249 
9.716 1418 
9.700 2744 
9.684 3266 


9.668 3029 
9.652 2076 
9.636 0452 
9.619 8204 
9.603 5379 


9.587 2025 
9.570 8192 
9.554 3928 
9.537 9282 
9.521 4305 


9.504 9047 
9.488 3556 
9.471 7884 
9.455 2079 
9.438 6191 


9.422 0270 
9.405 4364 
9.388 8522 
9.372 2792 
93557221 


9.339 1855 
9.322 6740 


E36 URANUS, 2009 
GEOCENTRIC COORDINATES FOR 0° TERRESTRIAL TIME 
Apparent Apparent . True 
Date Right sana 2 Gepcetttie Date Right Fa tet Geocentric 
ae | "SHAN Ss Mw Distance Ascension Distance 
he am s @). ff hin: “is oor 1) 

Jan. O | 23 21 30.488 457 50.17 | 20.421 556 | Feb. 15 | 23 28 38.043 | — 4 1052.80 | 20.991 723 
1 | 23 21 36.650 4 57 08.50 | 20.437 717 16 | 23 28 49.810 | — 409 36.24 | 20.998 982 
2 | 23 21 42.977 4 56 25.80 | 20.453 768 17 | 23 29 01.646 | — 408 19.25 | 21.005 981 
3 | 23 21 49.468 4 55 42.05 | 20.469 706 18 | 23 29 13.548 | — 407 01.86 | 21.012 726 
4 | 23 21 56.124 454 57.28 | 20.485 525 19 | 23 29 25.514 | — 405 44.09 | 21.019 196 
5 | 23 22 02.943 AS41047 | 20501 221 20 | 23 29 37.539 | — 404 25.96 | 21.025 407 
6 | 23 22 09.924 4 53 24.64 | 20.516 790 21 | 23 29 49.620 | — 403 07.50} 21.031 351 
7 | 23 22 17.069 4 52 36.79 | 20.532 227 22 | 23 30 01.753 | — 401 48.73 | 21.037 028 
SF) 23) 22.24.3774 451 47.94 | 20.547 528 23 | 23 30 13.936 | — 400 29.67 | 21.042 434 
9 | 23 22 31.838 450 58.10 | 20.562 690 24 | 23 30 26.164 | — 359 10.33 | 21.047 570 

10 | 23 22 39.456 4 50 07.29 | 20.577 708 25 | 23 30 38.436 | — 3 5750.74 | 21.052 433 
TU 23 2247225 4 49 15.55 | 20.592 580 26 | 23 30 50.748 | — 356 30.92 | 21.057 022 
12h 23h22-5 90139) 4 48 22.91 | 20.607 300 27 | 23 31 03.100 | — 355 10.86 | 21.061 336 
13 | 23 23 03.196 4 47 29.38 | 20.621 865 28 | 23 31 15.490 | — 353 50.58 | 21.065 374 
14 } 23 23 11.394 4 46 34.96 | 20.636 272 | Mar. 1 | 23 31 27.915] — 352 30.10} 21.069 136 
15) 23, 2398733 4 45 39.65 | 20.650 517 2 | 23 31 40.376 | — 351 09.41 | 21.072 621 
16 | 23 23 28.213 444 43.46 | 20.664 595 3.| 23 31 52.868 | — 3 49 48.54 | 21.075 828 
17 | 23 23 36.834 4 43 46.38 | 20.678 503 4] 23 32 05.391 | — 3 4827.51 | 21.078 757 
18 | 23 23 45.594 4 42 48.42 | 20.692 236 5 | 23 32 17.939 | — 3 4706.35 | 21.081 408 
19 | 23 23 54.494 4 41 49.60 | 20.705 791 6 | 23 32 30.509 | — 345 45.08 | 21.083 781 
20 | 23 24 03.531 440 49.91 | 20.719 164 7 | 23 32 43.095 | — 3 44 23.73 | 21.085 876 
2h 23) 24 12-702 4 39 49.38 | 20.732 351 8 | 23 32 55.694 | — 3 43 02.32 | 21.087 693 
22 | 23 24 22.006 4 38 48.03 | 20.745 347 9 | 23 33 08.303 | — 3 41 40.89 | 21.089 232 
23 | 23 24 31.439 4 37 45.88 | 20.758 150 10 |} 23 33 20.918 | — 3 4019.45 | 21.090 493 
24 | 23 24 40.998 4 36 42.94 | 20.770 754 11 | 23 33 33.541 | — 3 3858.00 | 21.091 477 
25 | 23 24 50.680 4 35 39.25 | 20.783 157 12 | 23 33 46.173 | — 3 37 36.62 | 21.092 182 
26 | 23 25 00.482 4 34 34.80 | 20.795 355 13 | 23 33 58.795 | — 3 3615.61 } 21.092 610 
27 | 23 25 10.400 4 33 29.64 | 20.807 345 14) 23 34 11.394 | — 3 3453.94 | 21.092 760 
28 | 23 25 20.432 4 32 23.77 | 20.819 122 15 | 23 34 24.026 | — 3 33 32.30} 21.092 633 
29 | 23 25 30.576 431 17.20 | 20.830 684 16 | 23 34 36.658 | — 3 32 10.82 | 21.092 228 
30 | 23 25 40.829 4 30 09.95 | 20.842 028 17 | 23 34 49.285 | — 3 3049.42 | 21.091 544 
Bl "23 25:5 191 4 29 02.03 | 20.853 150 18 | 23 35 01.904 | — 3 29 28.11 | 21.090 584 

Feb. 1 | 23 26 01.660 4 27 53.44 | 20.864 047 19 | 23 35 14.511 | — 3 28 06.90} 21.089 345 
2 | 23 26 12.234 4 26 44.19 | 20.874 718 20 | 23 35 27.104 | — 3 2645.82 | 21.087 830 
Bile 23) 26 221918) 4 25 34.30 | 20.885 158 21 | 23 35 39.678 | — 3 25 24.89 | 21.086 038 
4 | 23 26 33.694 4 24 23.78 | 20.895 366 22 | 23 35 52.231 | — 3 2404.12 | 21.083 969 
5 | 23 26 44.575 4 23 12.65 | 20.905 339 23 | 23 36 04.760 | — 3 22 43.53 | 21.081 624 
6 | 23 26 55.552 4 22 00.93 | 20.915 076 24 | 23 3617.261 | — 3 21 23.15 | 21.079 004 
7 | 23 27 06.619 4 20 48.66 | 20.924 574 25 | 23 36 29.732 | — 3 2002.98 | 21.076 109 
SHle2 3) 27a 4 19 35.86 | 20.933 831 26 | 23 36 42.172 | — 3 18 43.05 | 21.072 940 
9 | 23 27 29.009 4 18 22.56 | 20.942 845 27 | 23 36 54.579 | — 317 23.35 | 21.069 499 

10 | 23 27 40.323 - 417 08.78 | 20.951 615 28 | 23 37 06.952 | — 3 1603.89 | 21.065 786 
MM e235) 2ST Tal 415 54.53 | 20.960 138 29 | 23 37 19.289 | — 3 1444.69 | 21.061 802 
127823: 28703. 084) 4 14 39.80 | 20.968 413 30 | 23 37 31.590 | — 3 13 25.76} 21.057 550 
US 23 2814: 129 4 13 24.59 | 20.976 436 31 | 23 37 43.850 | — 3 1207.12} 21.053 030 
14 | 23 28 26.349 4 12 08.93 | 20.984 207 | Apr. 1 | 23 37 56.067 | — 3 1048.78 | 21.048 245 
15 | 23 28 38.043 4 10 52.80 | 20.991 723 2 | 23 38 08.236 | — 309 30.79 | 21.043 196 


URANUS, 2009 E37 
GEOCENTRIC COORDINATES FOR 0° TERRESTRIAL TIME 
a Apparent Apparent 
Date Right Aes tn Geostnltic Date Right Bae Gansentite 
Ascension eclination Distance Ascension Declination Distance 
a 
h m s fon ” h m Ss o or Ws 
Apr. 1 | 23 37 56.067 | — 3 1048.78 | 21.048 245 May 17 | 23 45 48.954 | — 2 2049.29 | 20.578 610 
2 | 23 38 08.236 | — 309 30.79 | 21.043 196 18 | 23 45 56.523 | — 22002.19 | 20.564 019 
3 | 23 38 20.353 | — 3.08 13.16 | 21.037 886 19 | 23 46 03.946 | — 219 16.06 | 20.549 295 
4 | 23 38 32.413 | — 306 55.93 | 21.032 316 20 | 23 46 11.221 | — 218 30.90 | 20.534 441 
5 | 23 38 44.415 | — 305 39.10 | 21.026 488 21 | 23 46 18.350 | — 217 46.71 | 20.519 461 
6 | 23 38 56.354 | — 304 22.71 | 21.020 404 22 | 23 46 25.330 | — 2 1703.50 | 20.504 359 
7 | 23 39 08.229 | — 303 06.74 | 21.014 066 23 | 23 46 32.164 | — 21621.26| 20.489 138 
8 | 23 39 20.041 | — 301 51.21 | 21.007 476 24 | 23 46 38.848 | — 215 40.00} 20.473 805 
9 | 23 39 31.788 | — 3 00 36.13 | 21.000 637 25 | 23 46 45.383 | — 21459.74 | 20.458 362 
10 | 23 39 43.470 | — 259 21.48 | 20.993 549 26 | 23 46 51.764 | — 2 1420.50] 20.442 814 
11 | 23 39 55.086 | — 258 07.29 | 20.986 215 27 | 23 46 57.989 | — 213 42.29 | 20.427 166 
12 | 23 40 06.633 | — 256 53.56 | 20.978 636 28 | 23 47 04.053 | — 2 1305.13] 20.411 423 
13 | 23 40 18.110 | — 255 40.32 | 20.970 814 29 | 23 47 09.953 | — 212 29.06] 20.395 589 
14 | 23 40 29.513 | — 254 27.58 | 20.962 752 30 | 23 47 15.689 | — 2 1154.07 | 20.379 669 
15 | 23 40 40.839 | — 253 15.36 | 20.954 450 31 | 23 47 21.259 | — 211 20.16] 20.363 667 
16 | 23 40 52.085 | — 252 03.69 | 20.945 912 | June 1 | 23 47 26.665 | — 2 1047.34 | 20.347 587 
17 | 23 41 03.248 | — 250 52.58 | 20.937 139 2 | 23 47 31.906 | — 21015.59 | 20.331 435 
18 | 23 41 14.325 | — 249 42.05 | 20.928 133 3 | 23 47 36.984 | — 209 44.91 | 20.315 214 
19 | 23 41 25.313 | — 248 32.13 | 20.918 897 4 | 23 47 41.899 | — 209 15.29 | 20.298 929 
20 | 23 41 36.209 | — 247 22.83 | 20.909 432 5 | 23 47 46.651 | — 208 46.75 | 20.282 584 
21 | 23 41 47.011 | — 2 4614.16 | 20.899 741 6 | 23 47 51.239 | — 208 19.28 | 20.266 182 
22 | 23 41 57.718 | — 245 06.13 | 20.889 827 7 | 23 4755.661 | — 20752.89 | 20.249 729 
23 | 23 42 08.329 | — 2 4358.75 | 20.879 692 8 | 23 4759.917 | — 207 27.59 | 20.233 227 
24 | 23 42 18.842 | — 2 4252.03 | 20.869 340 9 | 23 48 04.003 | — 207 03.40 | 20.216 682 
25 | 23 42 29.256 | — 241 45.96 | 20.858 772 10 | 23 48 07.920 | — 206 40.33 | 20.200 098 
26 | 23 42 39.572 | — 240 40.57 | 20.847 992 11 | 23 48 11.664 | — 206 18.38 | 20.183 478 
27 | 23 42 49.786 | — 239 35.86 | 20.837 003 12 | 23 48 15.234 | — 205 57.57 | 20.166 828 
28 | 23 42 59.895 | — 238 31.85 | 20.825 808 13 | 23 48 18.630 | — 205 37.89 | 20.150 150 
29 | 23 43 09.897 | — 237 28.57 | 20.814 411 14 | 23 48 21.851 | — 205 19.37 | 20.133 450 
30 | 23 43 19.786 | — 2 36 26.05 | 20.802 815 15 | 23 48 24.895 | — 205 01.99 | 20.116 733 
May 1 | 23 43 29.559 | — 235 24.31 | 20.791 025 16 | 23 48 27.764 | — 204 45.75 | 20.100 001 
2 | 23 43 39.213 | — 234 23.36 | 20.779 042 17 | 23 48 30.457 | — 204 30.67 | 20.083 261 
3 | 23 43 48.746 | — 233 23.22 | 20.766 872 18 | 23 48 32.976 | — 204 16.72 | 20.066 516 
4 | 23 43 58.156 | — 232 23.90 | 20.754 517 19 | 23 48 35.320 | — 20403.90 | 20.049 771 
5 | 23 44 07.443 | — 231 25.39 | 20.741 981 20 | 23 48 37.491 | — 203 52.21 | 20.033 032 
6 | 23 44 16.608 | — 230 27.70 | 20.729 266 21 | 23 48 39.488 | — 203 41.66 | 20.016 302 
7 | 23 44 25.649 | — 229 30.82 | 20.716 378 22 | 23 48 41.311 | — 203 32.25 | 19.999 587 
8 | 23 44 34.568 | — 2 28 34.76 | 20.703 317 23 | 23 48 42.956 | — 203 23.99 | 19.982 893 
9 | 23 44 43.361 | — 227 39.53 | 20.690 089 24 | 23 48 44.421 | — 203 16.90 | 19.966 223 
10 | 23 44 52.028 | — 226 45.14 | 20.676 696 25 | 23 48 45.704 | — 203 10.99 | 19.949 584 
11 | 23 45 00.567 | — 225 51.61 |. 20.663 142 26 | 23 48 46.803 | — 203 06.28 | 19.932 980 
12 | 23 45 08.975 | — 22458.95 | 20.649 429 27 | 23 48 47.719 | — 203 02.76} 19.916 417 
13 | 23 45 17.248 | — 22407.17 | 20.635 561 28 | 23 48 48.453 | — 203 00.40] 19.899 899 
14 | 23 45 25.386 | — 223 16.31 | 20.621 542 29 | 23 48 49.007 | — 20259.21 |} 19.883 430 
15 | 23 45 33.384 | — 2 22 26.36 | 20.607 375 30 | 23 48 49.384 | — 20259.16] 19.867 017 
16 | 23 45 41.241 | — 221 37.35 | 20.593 063 | July 1] 23 48 49.586} — 203 00.25 | 19.850 662 
17 | 23 45 48.954 | — 2 2049.29 | 20.578 610 2 | 23 48 49.612 | — 203 02.46} 19.834 371 


E38 URANUS, 2009 


GEOCENTRIC COORDINATES FOR 0° TERRESTRIAL TIME 


apparent Apparent True | Apparent Apparent True | 

Dateos| seit com leDeclinaton..| ayceener || “eae all yas eaionve PDeeiemULN! cimtaance, 
han es oo 71 " bem «-s (ey uw 

July 1 | 23 48 49.586 | — 203 00.25 | 19.850 662 | Aug. 16 | 23 46 00.580 | — 2 22 48.36 | 19.237 478 
2 | 23 48 49.612 | — 203 02.46 | 19.834 371 17 | 23 45 53.586 | — 223 35.04 | 19.228 706 
3 | 23 48 49.464 | — 203 05.80 | 19.818 148 18 | 23 45 46.482 | -- 2 2422.39 | 19.220 185 
4 | 23 48 49.142 | — 203 10.26 | 19.801 997 19 | 23 45 39.269 | — 225 10.40} 19.211 920 
5 | 23 48 48.645 | — 203 15.84 | 19.785 923 20 | 23 45 31.950 | — 225 59.07 | 19.203 912 
6 | 23 48 47.973 | — 203 22.55 | 19.769 929 21 | 23 45 24.527 | — 2 2648.36] 19.196 166 
7 | 23 48 47.126 ; — 203 30.39 | 19.754 021 22 | 23 45 17.005 | — 227 38.24 | 19.188 683 
8 | 23 48 46.103 | — 2 03 39.36 | 19.738 203 23 | 23 45 09.389 | — 2 28 28.68 | 19.181 468 
9 | 23 48 44.903 | — 203 49.47 | 19.722 478 24 | 23 45 01.685 | — 229 19.64 | 19.174 521 
10 | 23 48 43.528 | — 204 00.71 | 19.706 851 25 | 23 44 53.898 | — 23011.10} 19.167 845 
11 | 23 48 41.977 | — 204 13.07 | 19.691 327 26 | 23 44 46.030 | — 231 03.03 | 19.161 443 
12 | 23 48 40.252 | — 204 26.56 | 19.675 909 27 | 23 44 38.086 | — 231 55.40} 19.155 317 
13 | 23 48 38.353 | — 204 41.15 | 19.660 603 28 | 23 44 30.068 | — 232 48.21 | 19.149 467 
14 | 23 48 36.282 | — 204 56.85 | 19.645 412 29 | 23 44 21.978 | — 233 41.43 | 19.143 896 
15 | 23 48 34.041 | — 205 13.63 | 19.630 341 30 | 23 44 13.818 | — 2 3435.06} 19.138 606 
16 | 23 48 31.633 | — 205 31.49 | 19.615 395 31 | 23 44 05.592 | — 235 29.07 | 19.133 599 
17 | 23 48 29.058 | — 205 50.41 | 19.600578 } Sept. 1 | 23 4357.301 | — 2 3623.45 | 19.128 875 
18 | 23 48 26.320 | — 206 10.38 | 19.585 895 2 | 23 43 48.949 | — 23718.18 | 19.124 436 
19 | 23 48 23.417 | — 206 31.40 | 19.571 350 3] 23 43 40.537 | — 238 13.24] 19.120 284 
20 | 23 48 20.350 | — 2 0653.47 | 19.556 948 4) 23 43 32.071 | — 23908.61 | 19.116 420 
21 | 2348 17.119 | — 207 16.58 | 19.542 694 5 | 23 43 23.552 | — 24004.26} 19.112 845 
22 | 23 48 13.721 | — 207 40.76 | 19.528 593 6 | 23 43 14.987 | — 241 00.17] 19.109 561 
23 | 23 48 10.157 | — 208 06.00 | 19.514 649 7 | 23 43 06.378 | — 241 56.30] 19.106 569 
24 | 23 48 06.427 | — 208 32.29 | 19.500 867 8 | 23 42 57.731 | — 2 4252.63 | 19.103 870 
25 | 23 48 02.533 | — 208 59.61 | 19.487 252 9 | 23 42 49.050 | — 243 49.13 | 19.101 465 
26 | 23 47 58.481 | — 209 27.94 | 19.473 808 10 | 23 42 40.340 | — 2 4445.77 | 19.099 356 
27 | 23 47 54.272 | — 20957.25 | 19.460 538 11 | 23 42 31.603 | — 245 42.52 | 19.097 543 
28 | 23 47 49.911 | — 2 1027.52 | 19.447 448 12 | 23 42 22.843 | — 2 46 39.38 | 19.096 029 
29 | 23 47 45.401 | — 2 1058.73 | 19.434 540 13 | 23 42 14.062 | — 2 47 36.33 | 19.094 813 
30 | 23 47 40.744 | — 211 30.87 | 19.421 818 14 | 23 42 05.261 | — 2 48 33.35 | 19.093 898 
31 | 23 47 35.941 | — 2 1203.92 | 19.409 287 15 | 23 41 56.443 | — 249 30.43 | 19.093 283 
Aug. 1 | 23 47 30.994 | — 2 12 37.88 | 19.396 950 16 | 23 41 47.610 | — 250 27.56 | 19.092 971 
2 | 23 47 25.903 | — 213 12.73 | 19.384 810 17 | 23 41 38.766 | — 251 24.71 | 19.092 961 
3 | 23 47 20.671 | — 213 48.48 | 19.372 870 18 | 23 41 29.914 | — 252 21.84] 19.093 255 
4 | 23 47 15.297 | — 214 25.11 | 19.361 135 19 | 23 41 21.061 | — 253 18.93] 19.093 851 
5 | 23 47 09.783 | — 215 02.62 | 19.349 608 20 | 23 41 12.212 | — 254 15.93 | 19.094 751 
6 | 23 47 04.131 | — 2 15 40.99 | 19.338 292 21 | 23 41 03.374 | — 255 12.80] 19.095 955 
7 | 23 46 58.343 | — 2 1620.21 | 19.327 190 22 | 23 40 54.552 | — 25609.51 | 19.097 461 
8 | 23 46 52.420 | — 2 1700.27 | 19.316 306 23 | 23 40 45.748 | — 257 06.05 | 19.099 269 
9 | 23 46 46.366 | — 21741.15 | 19.305 643 24 | 23 40 36.968 | — 258 02.38 | 19.101 379 


10 | 23 46 40.184 | — 2 18 22.82 | 19.295 205 
11 | 23 46 33.877 | -- 2 1905.27 | 19.284 994 
12 | 23 46 27.448 | — 2 19 48.47 | 19.275 015 
13|'23'4620:901) || —) 220/32.39)1819:265:270 
14 | 23 46 14.240 | — 221 17.02 | 19.255 764 


25 | 23 40 28.212 | — 258 58.50} 19.103 791 
26 | 23 40 19.485 | — 259 54.38} 19.106 502 
27 | 23 40 10.789 | — 30050.01 | 19.109 512 
28 | 23 40 02.126 | — 301 45.37} 19.112 820 
29 | 23 39 53.501 | — 302 40.44} 19.116 425 


i5 | 23 46 07.465 | — 2 2202.35 | 19.246 499 30 | 23 39 44.915 | — 303 35.20} 19.120 325 
16 | 23 46 00.580 | — 222 48.36 | 19.237 478 | Oct. 1 | 23 39 36.372 | — 304 29.63] 19.124 520 


GEOCENTRIC COORDINATES FOR 0° TERRESTRIAL TIME 


URANUS, 2009 


Apparent 


: Apparent True . 
Patent Aceon’ =( Decinadon | Sepeeate | =Dae 
Domes: ey # W 

Oct. 1 | 23 39 36.372 | — 304 29.63 | 19.124 520 | Nov. 16 
2 | 23 39 27.877 | — 305 23.70 | 19.129 008 17 
3 | 23 39 19.433 | — 3 06 17.38 | 19.133 788 18 
4 | 23 39 11.046 | — 307 10.65 | 19.138 858 19 
5 | 23 39 02.719 | — 3 08 03.47 | 19.144 216 20 
6 | 23 38 54.457 | — 308 55.83 | 19.149 863 21 
7 | 23 38 46.265 | — 3 09 47.68 | 19.155 795 PL) 
8 | 23 38 38.145 | — 3 10 39.01 | 19.162 012 23 
9 | 23 38 30.102 | — 3 11 29.81 | 19.168 511 24 
10 | 23 38 22.137 | — 3 12 20.06 | 19.175 293 25 
11 | 23 38 14.251 | — 3 1309.75 | 19.182 354 26 
12 | 23 38 06.446 | — 3 13 58.87 | 19.189 693 27 
13 | 23 37 58.725 | — 3 1447.40 | 19.197 309 28 
14 | 23 37 51.090 | — 3 15 35.33 | 19.205 199 29 
15 | 23 37 43.545 | — 3 16 22.63 | 19.213 361 30 
16 | 23 37 36.095 | — 3 1709.27 | 19.221 793 | Dec. 1 
17 | 23 37 28.745 | — 3 1755.20 | 19.230 492 2 
18 | 23 37 21.501 | — 3 18 40.41 | 19.239 456 3 
19 | 23 37 14.367 | — 3 19 24.86 | 19.248 682 4 
20 | 23 37 07.346 | — 3 2008.53 | 19.258 166 5) 
21 | 23 37 00.443 | — 3 2051.40 | 19.267 905 6 
22 | 23 36 53.658 | — 3 21 33.46 | 19.277 897 7 
23 | 23 36 46.994 | — 3 22 14.70 | 19.288 136 8 
24 | 23 36 40.453 | — 3 2255.11 | 19.298 621 9 
25 | 23 36 34.037 | — 3 23 34.68 | 19.309 347 10 
26 | 23 36 27.748 | — 3 24 13.39 | 19.320 311 11 
27 | 23 36 21.587 | — 3 2451.23 | 19.331 508 12 
28 | 23 36 15.558 | — 3 25 28.19 | 19.342 936 13 
29 | 23 36 09.663 | — 3 2604.24 | 19.354 591 14 
30 | 23 36 03.905 | — 3 26 39.38 | 19.366 468 15 
31 | 23 35 58.287 | — 3 27 13.57 | 19.378 564 16 
Nov. 1 | 23 35 52.814 | — 3 27 46.80 | 19.390 875 17 
2 | 23 35 47.488 | — 328 19.04 | 19.403 398 18 
3 | 23 35 42.312 | — 3 2850.28 | 19.416 128 19 
4 | 23 35 37.290 | — 3 29 20.50 | 19.429 062 20 
5 | 23 35 32.424 | — 3 2949.69 | 19.442 195 21 
6 | 23 35 27.713 | — 3 3017.85 | 19.455 525 22 
7 | 23 35 23.159 | — 3 30 44.98 | 19.469 048 23 
8 | 23 35 18.761 | — 331 11.07 | 19.482 759 24 
9 | 23 35 14.520 | — 331 36.13 | 19.496 655 Dy) 
10 | 23 35 10.437 | — 3 3200.14 | 19.510 731 26 
11 | 23 35 06.515 | — 3 32 23.09 | 19.524 984 27 
12 | 23 35 02.757 | — 332 44.95 | 19.539 409 28 
13 | 23 3459.166 | — 3 3305.71 | 19.554 001 29 
14 | 23 34 55.746 | — 333 25.33 | 19.568 757 30 
15 | 23 3452.501 | — 3 33 43.81 | 19.583 670 31 
16 | 23 34 49.432 | — 3 3401.12 | 19.598 737 32 


Apparent 
Right 
Ascension 


has 
23 34 49.432 
23 34 46.541 
23 34 43.830 
23 34 41.298 
23 34 38.946 


23 34 36.774 
23 34 34.782 
23 34 32.971 
23 34 31.341 
23 34 29.893 


23 34 28.629 
23 34 27.550 
23 34 26.657 
23 34 25.952 
23 34 25.437 


23 34 25.113 
23 34 24.981 
23 34 25.040 
23 34 25.288 
23 34 25.724 


23 34 26.345 
23 34 27.151 
23 34 28.143 
23 34 29.321 
23 34 30.688 


23 34 32.245 
23 34 33.994 
23 34 35.936 
23 34 38.070 
23 34 40.397 


23 34 42.914 
23 34 45.620 
23 34 48.514 
23 34 51.594 
23 34 54.859 


23 34 58.307 
23 35 01.939 
2B SO05 752 
23 35 09.747 
23 35 13.924 


23 35 18.283 
23 35 22.824 
23 35 27.546 
23 35 32.448 
23 35 37.530 


23 35 42.789 
23 35 48.221 


Apparent 
Declination 


fe} / 4 


53734012 
Saale .20 
1319 432.23 
— 3 34 46.03 
— 334 58.65 


= Seb lONe 
= 338) 10)3)// 
P38 512946 
= 389) 3/33 
— 335 44.11 


— 335 49.64 
= 235) 5s 7/ 
= 33) 702) 
= 83) S82) 
= 31335) SSMS) 


= 3) 3) eH 
= 2) ces ih) 
— 335 54.22 
— 335 49.96 
— 335 44.49 


= 335) M/s 
=) 313929'96 
= 235) AVL) 
=) 3 35210°63 
— 33459.14 


— 334 46.42 
— 334 32.47 
Se ie IISA) 
— 3 34 00.83 
= 3) 33) 25)alI5) 


= 31338)24.25 
— 333 04.14 
— 332 42.83 
=93'3220183 
— 331 56.64 


— 3:31 31-78 
— 3/31. 05.75 
=) 330738195 
eS SOMORY 
— 329 40.67 


— 3.291'09.98 
— 328 38.14 
— 328 05.14 
— 327 30.98 
— 3:26 55.69 


— 3 26 19.27 
— 325 41.76 


B39 


ine 
Geocentric 
Distance 


19.598 737 
LOGIS 952 
19.629 310 
19.644 806 
19.660 435 


19.676 191 
19.692 069 
19.708 064 
19.724 171 
19.740 384 


19.756 698 
19.773 109 
19.789 610 
19.806 197 
19.822 865 


19.839 609 
19.856 423 
19.873 303 
19.890 245 
19.907 243 


19.924 293 
19.941 389 
NOS 85277 
19.975 702 
19.992 908 


20.010 141 
20.027 394 
20.044 662 
20.061 940 
20.079 222 


20.096 503 
20.113 777 
20.131 038 
20.148 281 
20.165 500 


20.182 691 
20.199 847 
20.216 964 
20.234 035 
20.251 057 


20.268 024 
20.284 931 
20.301 773 
20.318 545 
20.335 244 


20.351 863 
20.368 400 


E40 NEPTUNE, 2009 
GEOCENTRIC COORDINATES FOR 0° TERRESTRIAL TIME 
oe 
Apparent True Apparent A t True | 
Date Right APORIER } Geocentric | Date Right D fi a : Geocentric 
Ascension Declination Distance Ascension TE ONO Distance 
h> om 5s Oe yr h m s te ah ’ 

Jan. 0 | 21 39 30.618 | —14 22 46.77 | 30.748 991 | Feb. 15 | 21 45 51.662 | —13 5058.13 | 31.019 657 
1 | 21 39 37.649 | —14 22 11.80 | 30.760 642 16 | 21 46 00.538 | —13 50 13.35 | 31.018 965 
2 | 21 39 44.760 | —14 21 36.40 | 30.772 071 17 | 21 46 09.408 | —13 49 28.59 | 31.017 984 
3 | 21 39 51.952 | —14 21 00.60 | 30.783 276 18 | 21 46 18.271 | —13 48 43.87 | 31.016 715 
4 | 21 39 59.223 | —14 20 24.37 | 30.794 252 19 | 21 46 27.124 | —13 47 59.20 | 31.015 156 
5 | 21 40 06.572 | —14 19 47.73 | 30.804 997 20 | 21 46 35.964 | —13 47 14.60 | 31.013 309 
6 | 21 40 14.000 | —14 19 10.69 | 30.815 509 21 | 21 46 44.788 | —13 46 30.07 | 31.011 174 
7 | 21 40 21.506 | —14 18 33.24 | 30.825 784 22 | 21 46 53.594 | —13 45 45.64 | 31.008 751 
8 | 21 40 29.088 | —14 1755.40 | 30.835 820 23 | 21 47 02.377 | —13 45 01.32 | 31.006 042 
9 | 21 40 36.745 | —14 17 17.19 | 30.845 615 24 | 2147 11.137 | —13 4417.11 | 31.003 046 

10 | 21 40 44.472 | —14 16 38.65 | 30.855 166 25 | 21 47 19.869 | —13 43 33.02 | 30.999 765 
11 | 21 40 52.265 | —14 15 59.78 | 30.864 471 26 | 21 47 28.574 | —13 42 49.06 | 30.996 201 
12 | 21 41 00.120 | —14 15 20.62 | 30.873 528 27 | 21 47 37.250 | —13 42 05.22 | 30.992 353 
13 | 21 41 08.033 | —14 14 41.16 | 30.882 335 28 | 21 47 45.896 | —13 41 21.51 | 30.988 225 
14 | 21 41 16.003 | —14 1401.39 | 30.890 889 | Mar. 1 | 2147 54.512 | —13 40 37.94 | 30.983 816 
15 | 21 41 24.028 | —14 13 21.33 | 30.899 187 2 | 21 48 03.096 | —13 39 54.51 | 30.979 129 
16 | 21 41 32.110 | —14 12 40.95 | 30.907 228 3 | 21 48 11.649 | —13 39 11.23 | 30.974 167 
17 | 21 41 40.248 | —14 12 00.26 | 30.915 008 4 | 21 48 20.167 | —13 38 28.13 | 30.968 930 
18 | 21 41 48.442 | —14 11 19.28 | 30.922 525 5 | 21 48 28.648 | —13 37 45.23 | 30.963 420 
19 | 21 41 56.691 | —14 10 38.00 | 30.929 778 6 | 21 48 37.088 | —13 37 02.55 | 30.957 641 
20 | 21 42 04.993 | —14 09 56.44 | 30.936 762 7 | 21 48 45.484 | —13 36 20.10 | 30.951 594 
21 | 21 42 13.346 | —14 09 14.62 | 30.943 478 8 | 21 48 53.831 | —13 35 37.91 | 30.945 281 
22 | 21 42 21.747 | —14 08 32.55 | 30.949 921 9 | 2149 02.127 | —13 3455.98 | 30.938 704 
23 | 21 42 30.193 | —14 07 50.26 | 30.956 091 10 | 21 49 10.370 | —13 34 14.30 | 30.931 865 
24 | 21 42 38.682 | —14 07 07.74 | 30.961 984 11 | 21 49 18.559 | —13 33 32.89 | 30.924 767 
25 | 21 42 47.211 | —14 06 25.03 | 30.967 601 12 | 21 49 26.695 | —13 3251.72 | 30.917 412 
26 | 21 42 55.775 | —14 05 42.13 | 30.972 938 13 | 21 49 34.777 | —13 32 10.81 | 30.909 800 
27 | 21 43 04.373 | —14 04 59.06 | 30.977 994 14 | 21 49 42.806 | —13 31 30.15 | 30.901 935 
28 | 21 43 13.003 | —14 04 15.81 | 30.982 768 15 | 21 49 50.781 | —13 30 49.76 | 30.893 819 
29 | 21 43 21.661 | —14 03 32.41 | 30.987 259 16 | 21 49 58.700 | —13 30 09.66 | 30.885 453 
30 | 21 43 30.346 | —14 02 48.84 | 30.991 465 17 | 21 50 06.561 | —13 29 29.85 | 30.876 839 
31 | 21 43 39.058 | —14 02 05.11 | 30.995 385 18 | 21 50 14.361 | —13 28 50.37 | 30.867 980 

Feb. 1 | 21 43 47.795 | —1401 21.23 | 30.999 020 19 | 21 50 22.097 | —13 28 11.21 | 30.858 878 
2 | 21 43 56.557 | —14 00 37.21 | 31.002 367 20 | 21 50 29.768 | —13 27 32.41 | 30.849 536 
3 | 21 44 05.344 | —13 59 53.04 | 31.005 426 21 | 21 50 37.370 | —13 26 53.96 | 30.839 956 
4 | 21 44 14.153 | —13 59 08.75 | 31.008 198 22 | 2150 44.901 | —13 26 15.88 | 30.830 140 
5 | 21 44 22.982 | —13 58 24.35 | 31.010 682 23 | 21 50 52.357 | —13 25 38.19 | 30.820 092 
6 | 21 44 31.829 | —13 57 39.87 | 31.012 878 24 | 2150 59.739 | —13 25 00.88 | 30.809 814 
7 | 21 44 40.690 | —13 56 55.33 | 31.014 785 25 | 2151 07.043 | —13 24 23.95 | 30.799 309 
8 | 21 44 49.559 | —13 56 10.75 | 31.016 404 26 | 2151 14.269 | —13 23 47.42 | 30.788 581 
9 | 21 44 58.433 | —13 55 26.15 | 31.017 735 27 | 2151 21.417 | —13 23 11.28 | 30.777 632 

10 | 21 45 07.311 | —13 54 41.52 | 31.018 777 28 | 2151 28.486 | —13 22 35.53 | 30.766 466 
11 | 21 45 16.193 | —13 53 56.88 | 31.019 530 29 | 2151 35.477 | —13 22 00.18 | 30.755 086 
12 | 21 45 25.096 | —13 53 12.43 | 31.019 995 30 | 2151 42.388 | —13 21 25.24 | 30.743 497 
13 | 21 45 33.894 | —13 52 28.19 | 31.020 172 31 | 2151 49.220 | —13 2050.72 | 30.731 701 
14 | 21 45 42.781 | —13 51 42.97 | 31.020059 | Apr. 1 | 2151 55.968 | —13 20 16.64 | 30.719 703 
15 | 21 45 51.662 | —13 5058.13 | 31.019 657 2 | 2152 02.630 | —13 19 43.03 | 30.707 507 


GEOCENTRIC COORDINATES FOR 0° TERRESTRIAL TIME 


NEPTUNE, 2009 


Apparent Apparent 

Date Right Alas f Gear uate Date Right AD Pat a 

Ascension eclination Distance Deasreion Declination 

h m ‘$s fe # " in wh on y 
Apr. 1 | 2151 55.968 | —13 20 16.64 | 30.719 703 | May 17 | 21 55 13.283 | —13 04 03.44 
2 | 21 52 02.630 | —13 19 43.03 | 30.707 507 18 | 2155 14.794 | —13 03 56.98 
3 | 2152 09.203 | —13 19 09.90 | 30.695 116 19 | 2155 16.178 | —13 03 51.19 
4 | 21 52 15.682 | —13 18 37.26 | 30.682 534 20 | 2155 17.433 | —13 03 46.07 
5 | 2152 22.067 | —13 18 05.13 | 30.669 765 21 | 2155 18.561 | —13 03 41.60 
6 | 21 52 28.355 | —13 17 33.49 | 30.656 813 22 | 2155 19.565 | —13 03 37.79 
7 | 2152 34.546 | —13 17 02.35 | 30.643 681 23 | 2155 20.444 | —13 03 34.62 
8 | 21 52 40.640 | —13 16 31.70 | 30.630 373 2Aa| e221 2018) 1 3203)325i0 
9 | 21 52 46.638 | —13 16 01.53 | 30.616 894 Za 21999 21-835;)) = 13108130:25 
10 | 21 52 52.540 | —13 15 31.86 | 30.603 245 26 | 2155 22.344 | —13 03 29.07 
11 | 2152 58.346 | —13 15 02.67 | 30.589 431 27 | 2155 22.727 | —13 03 28.58 
12 | 2153 04.056 | —13 14 33.99 | 30.575 456 28 | 2155 22.982 | —13 03 28.78 
13 | 2153 09.668 | —13 1405.83 | 30.561 322 29 | 2155 23.106 | —13 03 29.68 
14 | 21 53 15.180 | —13 13 38.20 | 30.547 035 30 | 2155 23.099 | —13 03 31.27 
154) 21 53'20.590: |) —138 139012) )) 301532 596 31 | 2155 22.963 | —13 03 33.54 
16 | 21 53 25.896 | —13 12 44.59 | 30.518 011 | June 1 | 2155 22.699 | —13 03 36.47 
17>) 21753 31:095-| —13-12/18:63 |) 30!503'283 2 | 2155 22.310 | —13 03 40.04 
18 | 21 53 36.187 | —13 1153.24 | 30.488 416 3} 2155 21.797 | —13 03 44.25 
19 | 2153 41.168 | —13 11 28.44 | 30.473 414 4 | 2155 21.162 | —13 03 49.10 
20 | 21 53 46.037 | —13 11 04.22 | 30.458 282 5 | 21 55 20.407 | —13 03 54.57 
21 | 21 53 50.794 | —13 10 40.59 | 30.443 023 6 | 2155 19.533 | —13 04 00.68 
22 | 2153 55.438 | —13 10 17.55 | 30.427 641 7 | 2155 18.538 | —13 04 07.42 
23 | 21 53 59.969 | —13 09 55.09 | 30.412 142 8 | 2155 17.424 | —13 04 14.80 
24 | 21 54 04.388 | —13 09 33.21 | 30.396 529 9 | 2155 16.189 | —13 04 22.82 
25 | 21 54 08.694 | —13 09 11.91 | 30.380 808 10 | 2155 14.834 | —13 04 31.49 
26 | 21 54 12.889 | —13 08 51.19 | 30.364 983 11 | 2155 13.357 | —13 04 40.80 
27 | 2154 16.972 | —13 08 31.07 | 30.349 059 12 | 2155 11.759 | —13 04 50.75 
28 | 21 54 20.942 | —13 08 11.56 | 30.333 041 13 | 2155 10.040 | —13 05 01.34 
29 | 21 54 24.796 | —13 07 52.68 | 30.316 934 14 | 2155 08.200 | —13 05 12.56 
30 | 21 54 28.531 | —13 0734.45 | 30.300 742 15 | 2155 06.241 | —13 05 24.40 
May 1 | 21 54 32.145 | —13 07 16.87 | 30.284 471 16 | 2155 04.163 | —13 05 36.85 
2 | 2154 35.635 | —13 06 59.95 | 30.268 126 17 | 2155 01.969 | —13 05 49.90 
3 | 2154 39.001 | —13 06 43.68 | 30.251 711 18 | 2154 59.661 | —13 06 03.53 
4 | 2154 42.242 | —13 06 28.06 | 30.235 230 19 | 215457.241 | —13 06 17.74 
5 | 2154 45.361 | —13 06 13.08 | 30.218 689 20 | 2154 54.711 | —13 0632.51 
6 | 21 54 48.357 | —13 05 58.73 | 30.202 092 21 | 2154 52.073 | —13 06 47.85 
7 | 21 54 51.233 | —13 05 45.01 | 30.185 443 22 | 2154 49.328 | —13 07 03.77 
8 | 2154 53.989 | —13 05 31.92 | 30.168 746 23 | 2154 46.474 | —13 07 20.26 
9 | 21 54 56.625 | —13.05 19.45 | 30.152 007 24 | 21 54 43.510 | —13 07 37.35 
10 | 2154 59.140 | —13 05 07.63 | 30.135 229 25 | 21 54 40.434 | —13 07 55.03 
11 | 2155 01.535 | —13 0456.45 | 30.118 417 26 | 21 54 37.247 | —13 08 13.29 
12 | 21 55 03.807 | —13 04 45.93 | 30.101 574 27 | 2154 33.951 | —13 08 32.11 
13 | 2155 05.955 | —13 04 36.08 | 30.084 707 28 | 21 54 30.547 | —13 08 51.48 
14 | 21 55 07.978 | —13 04 26.90 | 30.067 818 29° |-21 54 27.039 | —13.09 11.36 
15 | 21 55 09.874 | —13 04 18.40 | 30.050 913 30 | 2154 23.431 | —13 09 31.74 
16 | 2155 11.642 | —13 04 10.58 | 30.033 997 | July 1 | 2154 19.725 | —13 09 52.62 
17 | 21 55 13.283 | —13 04 03.44 | 30.017 073 2 | 2154 15.924 | —13 10 13.98 


E41 


tines 
Geocentric 
Distance 


30.017 073 
30.000 146 
29.983 222 
29.966 305 
29.949 400 


291932 S12 
29.915 646 
29.898 807 
29.882 001 
29.865 232 


29.848 506 
29.831 828 
29.815 203 
29.798 636 
29.782 132 


29.765 694 
29.749 329 
29.733 039 
29.716 830 
29.700 706 


29.684 671 
29.668 729 
29.652 885 
29.637 142 
29.621 506 


29.605 980 
29.590 569 
29.575 276 
29.560 107 
29.545 066 


29.530 156 
29.515 383 
29.500 750 
29.486 263 
29.471 926 


29.457 743 
29.443 720 
29.429 860 
29.416 168 
29.402 648 


29.389 306 
29.376 144 
29.363 166 
29.350 377 
29331 779 


29182513116 
29.313 172 


E42 NEPTUNE, 2009 
GEOCENTRIC COORDINATES FOR 0° TERRESTRIAL TIME 
Apparent Apparent 
Date Right ppp : Geucetthic Date Right 
Ascension Declination Distance Ascension 
h m s oe i iI hm i s 
July 1 | 2154 19.725 | —13 09 52.62 | 29.325 376 | Aug. 16 | 21 50 11.498 
2 | 2154 15.924 | —13 10 13.98 | 29.313 172 17 | 21 50 05.177 
3 | 2154 12.029 | —13 10 35.82 | 29.301 170 18 | 21 49 58.851 
4 | 21 54 08.042 | —13 10 58.13 | 29.289 373 19 | 21 49 52.520 
5 | 2154 03.963 | —13 11 20.93 | 29.277 784 20 | 21 49 46.187 
6 | 2153 59.793 | —13 11 44.19 | 29.266 407 21 | 21 49 39.852 
7 | 2153 55.533 | —13 12 07.93 | 29.255 244 22 | 21 49 33.521 
8 | 2153 51.182 | —13 12 32.14 | 29.244 298 23 | 21 49 27.197 
9 | 2153 46.742 | —13 12 56.80 | 29.233 574 24 | 21 49 20.886 
10 | 21 53 42.214 | —13 13 21.92 | 29.223 073 25 | 21 49 14.592 
11 | 21 53 37.598 | —13 13 47.47 | 29.212 799 26 | 21 49 08.317 
12 | 21 53 32.898 | —13 14 13.45 | 29.202 755 27 | 21 49 02.064 
13 | 21 53 28.115 | —13 14 39.84 | 29.192 945 28 | 21 48 55.836 
14 | 21 53 23.251 | —13 15 06.62 | 29.183 370 29 | 21 48 49.632 
15 | 21 53 18.310 | —13 15 33.78 | 29.174 035 30 | 21 48 43.456 
16 | 21 53 13.295 | —13 1601.29 | 29.164 942 31 | 21 48 37.307 
17 | 21 53 08.208 | —13 16 29.16 | 29.156 094 | Sept. 1 | 21 48 31.187 
18 | 21 53 03.054 | —13 16 57.37 | 29.147 494 2 | 21 48 25.099 
19 | 21 52 57.832 | —13 17 25.92 | 29.139 147 3 | 21 48 19.044 
20 | 2152 52.545 | —13 17 54.80 | 29.131 053 4 | 21 48 13.023 
21 | 2152 47.191 | —13 18 24.04 | 29.123 218 5 | 21 48 07.041 
22 | 2152 41.771 | —13 18 53.61 | 29.115 642 6 | 21 48 01.099 
23 | 21 52 36.283 | —13 19 23.53 | 29.108 330 7 | 2147 55.202 
24 | 21 52 30.731 | —13 19 53.76 | 29.101 283 8 | 21 47 49.352 
25 | 2152 25.116 | —13 20 24.28 | 29.094 504 9} 21 47 43.554 
26 | 21 52 19.443 | —13 2055.07 | 29.087 994 10 | 21 47 37.809 
27 | 21 52 13.716 | —13 21 26.09 | 29.081 756 11) 21:47 32122 
28 | 2152 07.940 | —13 21 57.34 | 29.075 792 12 | 21 47 26.493 
29 | 2152 02.117 | —13 22 28.80 | 29.070 102 13 | 21 47 20.924 
30 | 21 51 56.250 | —13 23 00.47 | 29.064 688 14) 21 47 15.414 
31 | 2151 50.341 | —13 23 32.33 | 29.059 552 15 | 21 47 09.964 
Aug. 1 | 2151 44.392 | —13 24 04.39 | 29.054 696 16 | 21 47 04.575 
2 | 2151 38.404 | —13 24 36.63 | 29.050 119 17 | 21 46 59.249 
3 | 2151 32.378 | —13 25 09.06 | 29.045 824 18 | 21 46 53.988 
4 | 21 51 26.315 | —13 25 41.66 | 29.041 812 19 | 21 46 48.796 
5 | 2151 20.217 | —13 26 14.42 | 29.038 084 20 | 21 46 43.678 
6 | 2151 14.086 | —13 26 47.34 | 29.034 641 21 | 21 46 38.637 
7 | 2151 07.922 | —13 27 20.40 | 29.031 484 22 | 21 46 33.678 
8 | 2151 01.729 | —13 27 53.57 | 29.028 614 23 | 21 46 28.802 
9 | 2150 55.509 | —13 28 26.86 | 29.026 032 24 | 21 46 24.011 
10 | 21 50 49.266 | —13 29 00.22 | 29.023 740 25 | 21 46 19.305 
11 | 21 50 43.002 | —13 29 33.66 | 29.021 738 26 | 21 46 14.686 
12 | 21 50 36.722 | —13 3007.14 | 29.020 027 27 | 21 46 10.154 
13 | 21 50 30.428 | —13 30 40.66 | 29.018 608 28 | 21 46 05.710 
14 | 2150 24.125 | —13 31 14.20 | 29.017 482 29 | 21 46 01.356 
15 | 2150 17.814 | —13 31 47.75 | 29.016 650 30 | 21 45 57.091 
16 | 2150 11.498 | —13 32 21.32 | 29.016 112 } Oct. 11] 214552.919 


Apparent 
Declination 


VW 


—13:32 21.32 


—13 32 54.91 
= 13133 28:51 
—13 34 02.12 
—13 34 35.71 


1313509128 
—13 35 42.79 
—13 36 16.20 
—13 36 49.51 
—= 18137 22569 


131375574 
—13 38 28.65 
—13 39 01.41 
—13 39 34.03 
—13 40 06.49 


—13 40 38.78 
—13 41 10.91 
—13 41 42.85 
—13 42 14.59 
—13 42 46.12 


—13 43 17.42 
—13 43 48.48 
—13 44 19.26 
—13 44 49.77 
—=13'45'19197 


—13 45 49.87 
—13 46 19.46 
—13 46 48.73 
—13 47 17.69 
—13 47 46.33 


—13 48 14.65 
—13 48 42.64 
—13 49 10.29 
—13 49 37.56 
—13 50 04.44 


—13 50 30.90 
—13 50 56.92 
—13 51 22.49 
—Srv47 762 
—13152411230 


—18152 86538 
SSO 
8823/68 
—13 53 46.49 
—13 54 08.88 


—13 54 30.79 
—13 54 52.21 


ie 
Geocentric 
Distance 


29.016 112 
29.015 871 
29.015 925 
29.016 276 
29.016 923 


29.017 868 
29.019 109 
29.020 647 
29.022 481 
29.024 609 


29.027 031 
29.029 747 
29.032 755 
29.036 054 
29.039 643 


29.043 521 
29.047 687 
2IOSZ ASS 
29.056 875 
29.061 895 


29.067 198 
29.072 782 
29.078 645 
29.084 786 
29.091 203 


29.097 896 
29.104 862 
29.112 100 
29.119 609 
29.127 386 


29.135 430 
29.143 738 
29.152 308 
29.161 139 
29.170 226 


29.179 568 
29.189 160 
29.199 001 
29.209 086 
29.219 413 


29.229 978 
29.240 777 
29.251 807 
29.263 065 
29.274 547 


29.286 250 
29.298 169 


NEPTUNE, 2009 E43 
GEOCENTRIC COORDINATES FOR 0° TERRESTRIAL TIME 
Apparent Apparent 
Date Right Se ae : Geeoniie Date Right opparent Geneeniie 
Ascension eclination Distance Ascension Declination Distance 
him s 7 uw hens o 7 Ws 
Oct. 1 | 2145 52.919 | —13 5452.21 | 29.298 169 | Nov. 16 | 21 44 45.608 | —14 00 28.74 | 30.010 124 
2 | 21 45 48.840 | —13 55 13.12 | 29.310 302 17 | 21 44 47.162 | —14 00 20.54 | 30.027 389 
3 | 21 45 44.858 | —13 55 33.52 | 29.322 645 18 | 21 44 48.852 | —1400 11.65 | 30.044 650 
4 | 21 45 40.974 | —13 55 53.38 | 29.335 194 19 | 21 44 50.677 | —1400 02.09 | 30.061 899 
5 | 21 45 37.192 | —13 56 12.70 | 29.347 946 20 | 21 44 52.636 | —13 5951.85 | 30.079 132 
6 | 21 45 33.514 | —13 56 31.46 | 29.360 898 21 | 21 44 54.726 | —13 59 40.95 | 30.096 342 
7 | 21 45 29.943 | —13 56 49.65 | 29.374 044 22 | 21 44 56.947 | —13 59 29.40 | 30.113 526 
8 | 21 45 26.481 | —13 57 07.28 | 29.387 383 23 | 21 44 59.297 | —13 5917.19 | 30.130 676 
9 | 21 45 23.129 | —13 57 24.34 | 29.400 910 24 | 21 45 01.776 | —13 59 04.32 | 30.147 789 
10 | 21 45 19.886 | —13 57 40.84 | 29.414 623 25 | 21 45 04.384 | —13 58 50.80 | 30.164 858 
11 | 21 45 16.754 | —13 57 56.78 | 29.428 516 26 | 21 45 07.119 | —13 58 36.62 | 30.181 879 
12 | 21 45 13.731 | —13 58 12.17 | 29.442 586 27 | 21 45 09.982 | —13 58 21.77 | 30.198 847 
13 | 21 45 10.816 | —13 58 27.00 | 29.456 830 28 | 21 45 12.974 | —13 58 06.26 | 30.215 756 
14 | 21 45 08.012 | —13 58 41.25 | 29.471 242 29 | 21 45 16.094 | —13 5750.08 | 30.232 602 
15 | 21 45 05.319 | —13 58 54.91 | 29.485 820 30 | 21 45 19.345 | —13 57 33.23 | 30.249 380 
16 | 21 45 02.740 | —13 59 07.97 | 29.500 558 | Dec. 1 | 21 45 22.726 | —1357 15.72 | 30.266 086 
17 | 21 45 00.279 | —13 59 20.40 | 29.515 451 ZN 24S 26.236 | — 13.565 7.55: |) 30282 714 
18 | 21 44 57.938 | —13 59 32.18 | 29.530 495 3 | 21 45 29.874 | —13 56 38.74 | 30.299 260 
19 | 21 44 55.721 | —13 59 43.32 | 29.545 686 4 | 21 45 33.637 | —13 56 19.30 | 30.315 720 
20 | 21 44 53.628 | —13 59 53.81 | 29.561 017 5 | 21 45 37.523 | —13 55 59.27 | 30.332 088 
21 | 21 44 51.661 | —14 00 03.65 | 29.576 484 6 | 21 45 41.528 | —13 55 38.63 | 30.348 362 
22 | 21 44 49.820 | —14 00 12.85 | 29.592 083 7 | 21 45 45.651 | —13 55 17.40 | 30.364 535 
23 | 21 44 48.105 | —14 00 21.42 | 29.607 807 8 | 21 45 49.890 | —13 5455.57 | 30.380 603 
24 | 21 44 46.515 | —14 00 29.35 | 29.623 652 9 | 21 45 54.245 | —13 54 33.13 | 30.396 561 
25 | 21 44 45.050 | —14 00 36.64 | 29.639 613 10 | 21 45 58.719 | —13 54 10.06 | 30.412 405 
26 | 21 44 43.710 | —14 00 43.30 | 29.655 685 11 | 21 46 03.311 | —13 53 46.38 | 30.428 129 
27 | 21 44 42.496 | —14 00 49.31 | 29.671 862 12 | 21 46 08.022 | —13 53 22.08 | 30.443 729 
28 | 21 44 41.406 | —14 00 54.68 | 29.688 141 13 | 21 46 12.851 | —13 5257.16 | 30.459 199 
29 | 21 44 40.443 | —14 0059.40 | 29.704 515 14 | 21 46 17.800 | —13 52 31.64 | 30.474 535 
30 | 21 44 39.608 | —14 01 03.45 | 29.720 980 15 | 21 46 22.864 | —13 52 05.52 | 30.489 731 
31 | 21 44 38.901 | —14 01 06.83 | 29.737 532 16 | 21 46 28.043 | —13 51 38.83 | 30.504 783 
Nov. 1 | 21 44 38.324 | —1401 09.53 | 29.754 164 17 | 21 46 33.335 | —13 51 11.57 | 30.519 686 
2 | 21 44 37.880 | —1401 11.55 | 29.770 873 18 | 21 46 38.736 | —13 50 43.76 | 30.534 436 
3 | 21 44 37.569 | —1401 12.87 | 29.787 654 19 | 21 46 44.244 | —1350 15.41 | 30.549 027 
4 | 21 44 37.394 | —14 01 13.50 | 29.804 501 20 | 21 46 49.857 | —13 49 46.52 | 30.563 456 
5 | 21 44 37.354 | —1401 13.45 | 29.821 411 P| QA ay Sy SB AO KO SOS IG 
6 | 21 44 37.448 | —14 01 12.72 | 29.838 378 22 | 21 47 01.392 | —13 48 47.16 | 30.591 808 
7 | 21 44 37.675 | —14 01 11.34 | 29.855 398 23 | 21 47 07.310 | —13 48 16.70 | 30.605 723 
8 | 21 44 38.032 | —14 01 09.30 | 29.872 466 24 | 21 47 13.329 | —13 47 45.71 | 30.619 458 
9 | 21 44 38.520 | —1401 06.61 | 29.889 577 25 | 21 47 19.446 | —13 47 14.20 | 30.633 011 
10 | 21 44 39.136 | —14 01 03.26 | 29.906 726 26 | 21 47 25.662 | —13 46 42.17 | 30.646 376 
11 | 21 44 39.881 | —14 0059.24 | 29.923 908 27 | 21 47 31.976 | —13 46 09.63 | 30.659 550 
12 | 21 44 40.758 | —14 00 54.54 | 29.941 118 28 | 21 47 38.388 | —13 45 36.57 | 30.672 530 
13 | 21 44 41.767 | —14 00 49.15 | 29.958 349 29 | 21 47 44.897 | —13 45 03.02 | 30.685 312 
14 | 21 44 42.911 | —14 00 43.05 | 29.975 598 30 | 21 47 51.502 | —13 44 28.98 | 30.697 893 
15 | 2144 44.191 | —14 00 36.25 | 29.992 858 31 | 21 47 58.199 | —13 43 54.48 | 30.710 269 
16 | 21 44 45.608 | —14 00 28.74 | 30.010 124 32 | 21 48 04.984 | —13 43 19.54 | 30.722 439 


E44 PLUTO, 2009 
GEOCENTRIC POSITIONS FOR 0° TERRESTRIAL TIME 
Astrometric ‘ True Astrometric : True . 
Date Right pS pOniegiC Geocentric Date Right Faas ai Geocentric 
Ascension Declination Distance Ascension ree Distance 
h 
h m iS ° / " au m s ° / au 
Jan. —4 18 03 58.393 —17 44 12.18 | 32.549056 | July 5 18 06 27.321 -17 41 32.28 30.677904 
1 18 04 43.984 —17 44 29.64 | 32.540930 10 18 05 56.259 -17 42 21.78 30.700576 
6 18 05 29.038 —17 44 41.79 | 32.525595 15 18 05 26.182 -17 43 15.34 30.730188 
11 18 06 13.285 —-17 44 48.82 | 32.503215 20 18 04 57.367 —17 44 12.83 30.766571 
16 18 06 56.484 -17 44 50.92 | 32.473983 PS) 18 04 30.099 —17 45 14.05 30.809502 
21 18 07 38.388 —17 44 48.28 | 32.438093 30 18 04 04.653 -17 46 18.73 30.858659 
26 18 08 18.741 -17 44 41.18 | 32.395793 | Aug. 4 18 03 41.264 —-17 47 26.59 30.913658 
31 18 08 57.289 -17 44 29.95 | 32.347410 9 18 03 20.140 —-17 48 37.38 30.974110 
edn 18 09 33.795 -17 44 15.00 | 32.293348 14 18 03 01.476 —-17 49 50.85 31.039617 
10 18 10 08.057 —17 43 56.74 | 32.234057 19 18 02 45.460 -17 51 06.71 31.109757 
lS 18 10 39.895 —17 43 35.53 | 32.169977 24 18 02 32.279 -17 52 24.63 31.184042 
20 18 11 09.123 —17 43 11.79 | 32.101558 29 18 02 22.078 —17 53 44.20 31.261907 
25 18 11 35.563 -17 42 45.95 | 32.029306 | Sept. 3 18 02 14.960 -17 55 05.08 31.342784 
Mar. 2 18 11 59.053 —17 42 18.54 | 31.953791 8 18 02 11.006 —17 56 26.90 31.426120 
if 18 12 19.466 -17 41 50.06 | 31.875627 13 18 02 10.281 -17 57 49.35 31.511365 
12 18 12 36.717 —17 41 20.98 | 31.795423 18 18 02 12.849 —17 59 12.01 31.597948 
17, 18 12 50.732 =17,40:51.73 | 315713752 23 18 02 18.746 —18 00 34.44 31.685234 
oP) 18 13 01.441 -17 40 22.75 | 31.631203 28 18 02 27.964 —18 01 56.22 SIZ 572 
27 18 13 08.793 —17 39 54.54 | 31.548405 } Oct. 3 18 02 40.460 —18 03 16.95 31.859347 
Nei 18 13 12.766 -17 39 27.57 | 31.466021 8 18 02 56.176 —18 04 36.27 31.944976 
6 18 13 13.387 -17 39 02.31 | 31.384708 13 18 03 15.050 —18 05 53.80 32.028897 
1] 18 13 10.714 —17 38 39.10 | 31.305066 18 18 03 37.007 —18 07 09.11 32.110515 
16 18 13 04.807 —17 38 18:30 | 31.227658 23 18 04 01.939 —18 08 21.78 32.189216 
21 18 12 55.742 —17 38 00.27 | 31.153058 28 18 04 29.697 —18 09 31.45 32.264424 
26} 18 12 43.616 —17 37 45.37 | 31.081851 | Nov. 2 18 05 00.117 —18 10 37.79 32.335622 
May 1 18 12 28.572 —17 37 33.94 | 31.014618 i 18 05 33.027 —18 11 40.51 32.402349 
6 18 12 10.789 —17 37 26.21 30.951879 12 18 06 08.257 —18 12 39.31 32.464152 
11 18 11 50.461 —17 37 22.38 | 30.894074 17 18 06 45.621 —18 13 33.87 32.520568 
16 18 11 27.780 —17 37 22.63 | 30.841614 22 18 07 24.897 —18 14 23.94 32.571163 
21 18 11 02.953 —17 37 27.14 | 30.794904 27 18 08 05.841 =185 09:32 32.615577 
26 18 10 36.215 —17. 37,360.11 30.754336 | Dec 2 18 08 48.206 —18 15 49.90 32.653528 
hl 18 10 07.838 —17 37 49:62 “| 303720253 7 18 09 31.753 =18 16 25.55 32.684787 
June 5 18 09 38.111 —17 38 07.72 | 30.692899 12 18 10 16,247 —18 16 56.18 32.709131 
10 18 09 07.311 —17 38 30.39 | 30.672449 17 18 11 01.428 —18 17 21.69 32.726353 
15 18 08 35.715 —17 38 57.66 | 30.659055 22 18 11 47.016 —18 17 42.11 32.736318 
20 18 08 03.606 —17 39 29.55 | 30.652850 27 18 12 32.729 —18 17 57.52 32.738983 
25 18 07 31.291 —17 40 06.02 | 30.653933 32 18 13 18.293 —18 18 08.04 32.734376 
30 18 06 59.093 —17 40 46.99 | 30.662314 Sif 18 14 03.458 —18 18 13.82 32.722566 
HELIOCENTRIC POSITIONS FOR 0% TERRESTRIAL TIME 
MEAN EQUINOX AND ECLIPTIC OF DATE 
True. | True 
Date Longitude Latitude Heliocentric Date Longitude Latitude Heliocentric 
Distance Distance 
Jan, —31 270 46 38.6 + 555 10.6 | 31.56020 28 272 10 46.6 eS LOA a7 31.68193 
Jan. 9 271 00 43.2 sme US ip: sill SetNey? 6 272 24 43.3 see Ose 31.70246 
Feb. 18 271 14 46.5 + 5 4708.7 | 31.60050 16 272 38 38.6 5 Ses02 31.72306 
Mar. 30 271 28 48.5 + 5 4307.7 | 31.62075 2 212, 52,326 el QUOI 7, 31.74373 
May 9 271 42 49.2 + 5 3906.7 | 31.64108 35 273 06 25.2 Fd: 1S.0038 31.76447 
Autre IN 271 56 48.6 + 535 05.7 | 31.66147 


PLANETS AND PLUTO E45 
NOTES AND FORMULAS 


Semidiameter and parallax 
The apparent angular semidiameter, s, of a planet is given by: 
s = semidiameter at unit distance / true distance 


where the true distance is given in the daily geocentric ephemeris on pages E16-E44, and the 
adopted semidiameter at unit distance is given by: 


// / / 


Mercury 3.36 Jupiter: equatorial 98.57 Uranus 35.24 

Venus 8.34 polar 92.18 Neptune 34.14 

Mars 4.68 Saturn: equatorial 83.10 Pluto 1.65 
polar 74.96 


The difference in transit times of the limb and center of a planet in seconds of time is given 
approximately by: 


difference in transit time = (s in seconds of arc) / 15 cos6 


where the sidereal motion of the planet is ignored. 
The equatorial horizontal parallax of a planet is given by 8794 143 divided by its true geo- 
centric distance; formulas for the corrections for diurnal parallax are given on page B85. 


Time of transit of a planet 


The transit times that are tabulated on pages E46—E53 are expressed in terrestrial time (TT) 
and refer to the transits over the ephemeris meridian; for most purposes this may be regarded as 
giving the universal time (UT) of transit over the Greenwich meridian. 

The UT of transit over a local meridian is given by: 


time of ephemeris transit — (\/24) » first difference 
with an error that is usually less than 1 second, where A is the east longitude in hours and the 
first difference is about 24 hours. 
Times of rising and setting 


Approximate times of the rising and setting of a planet at a place with latitude ~ may be 
obtained from the time of transit by applying the value of the hour angle h of the point on the 
horizon at the same declination as the planet; h is given by: 


cosh = —tan y tan 6 


This ignores the sidereal motion of the planet during the interval between transit and rising or 
setting. Similarly, the time at which a planet reaches a zenith distance z may be obtained by 
determining the corresponding hour angle h from: 


cosh = —tan y tan d+sec » sec 6 cos z 


and applying h to the time of transit. 
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Jan. 


Feb. 


Mercury 


in san 
13) 24 12: 
13325938 
IBe26 37 
13 27 20 
13 27 41 


13 27 36 
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13 24 16 
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13 18 54 
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10 29 12 
10 28 45 
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10 29 13 
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15 07 41 


15 06 46 
15 05 48 
15 04 47 
15 03 43 
15 02 36 


15 01 26 
15 00 12 
14 58 54 
14 57 33 
14 56 09 


14 54 40 
14 53 07 
14 S51 30 
14 49 49 
14 48 03 


14 46 13 
14 44 18 
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hives 
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1S shOroil 
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SHOP E SH 
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14 27 28 
14 23 40 


AMO WS2 
14 16 04 
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11 05 44 
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Second transit: Saturn, Mar. 12423"56™35°. 
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OE ESS) 
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LORS SS 
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10 36 17 
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LORUSE29) 
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NOKOS eS 5 
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9 58 16 
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etki Ss hm s he tneees: hm s hem" -s hm s hY mm” s iY ih: Ss 
Apts el? 10933 11 24 909 10 21 29 8 47 44 2232 26 10 58 16 9912531 5 34 54 
2) 12 13 59 11° 18923 10 20 27 8 44 32 22 28 15 10 54 33 9 08 41 5 30 59 
Bi 2a ees 11 12 44 10 19 25 8 41 20 22 24 04 10 50 49 9 04 52 227 03 
4} 12 21 00 11 07 10 10 18 22 8 38 07 22 19 54 10 47 05 9 01 02 23107 
51 112°2433 11 01 44 10 17 19 8 34 54 22 15 44 10 43 21 8 57 13 5 19 11 
6} 12 28 08 10 56 26 10 16 16 8 31 40 22 11 34 10°39'37 8 53 23 S's 15 
AN) P23 142. 10 51 15 10 15 13 8 28 27 22 07 24 10°35"53 8 49 33 5 1119 
Sip MA Sail 7/ 10 46 13 10 14 09 8 25 12 22 0315 10 32 08 8 45 43 5°07 23 
9| 12 38 49 10 41 20 10 13 06 8 21 58 21 59 06 10 28 24 8 41 54 5 03 26 
10} 12 42 20 10 36 35 10 12 02 8 18 43 21 54°57 10 24 40 8 38 03 4 59 30 
11] 12 45 46 10 32 00 10 10 58 shal Di 21 50 48 10 20 55 8 34 13 4-55 33 
12] 12 49 07 IO. A7/ 3e 10 09 53 Salat! 21 46 40 LOA AT 8 30 23 451 36 
13] 12°52 22 10 23 15 10 08 49 8 08 55 21 42 32 10 13 26 8 26 33 4 47 39 
14| 12 55 30 10 19 07 10 07 44 8 05 38 21 38 24 10 09 42 8 22 42 4 43 42 
15) 7127538928 10 15 07 10 06 39 8 02 20 21 S47. 10 05 57 8 18 52 4 39 45 
16] 13 01 16 10 11 16 10 05 34 7 59 03 21 30 10 10 02 12 8 15 01 4 35 48 
175 LShOSas3 10 07 34 10 04 29 7 55 44 21 26 03 9 58 28 8 11 10 4 31 50 
18} 13 06 18 10 04 01 10 03 23 7] S226 21 21 56 9 54 43 8 07 19 4 27 53 
19] 13 08 28 10 00 36 10 02 18 7 49 06 217-30 9 50 58 8 03 28 4 23 55 
20} 13 10 24 9157 19 10 01 12 7 45 47 21 13 44 9 47 13 759 37 419 57 
PANN GUS) P2TG)s) 9 54 10 10 00 06 7 42 2 21 09 38 9 43 27 7 55 46 415 59 
22 SB ESe29 9 51 09 9 59 00 7 39 06 21 05 33 9 39 42 7 ou 35 4.12 Ol 
23} 13 1435 9 48 16 9 57 54 7 35°45 21 01 28 9 35 57 7 48 03 4 08 03 
24) 13 15 24 9 45 29 9 56 48 732723) 20 57 24 9-32 til 7 44 12 4 04 05 
25 | 13° 15°54 9 42 50 9 55 41 7 29 01 20 53 19 9 28 26 7 40 20 4 00 06 
26| 13 16 05 9 40 17 9 54 35 725,38 20 49 16 9 24 40 7 36 28 3 56 08 
27| 13 15 56 Oeeihesyl| 9 53 28 T22 IS 20 45 12 9 20 54 7 32 36 3 52 09 
23 | ISIS! 26 ONS 5" 51 9522 718 51 20 41 09 9 17 08 7 28 44 3 48 10 
29| 13 14 35 On8 39 17. 9 51 15 TASI27, 20 37 06 9 13 22 72452 3 44 11 
30} 13 13 24 9 31 09 9 50 08 7T-12"02 20 33 04 9 09 36 7 21 00 3 40 12 
May 13 11 50 9 29 06 9 49 01 7 08 37 20 29 01 9 05 50 71708 13 


1 3 36 
Z| VIB" 09'95 9 27 09 9 47 54 TOS 20 25 00 9 02 03 Wd 25 wo) 532 
3 | (1380738 Qala) 9 46 47 7 01 44 20 20 58 8 58 17 7 09 23 3 28 15 
4) 13 04 59 OF23"30) 9 45 40 6 58 17 20 16 57 8 54 30 7 05 39 3 24 
By|/) WES OI sates 9 21 47 9 44 33 6 54 50 PAVED Vi) 8 50 44 TOP3T 3 20 


6| 12 58 36 9 20 09 9 43 26 6 51 22 20 08 57 8 46 57 6 57 44 3 16 16 
7) 12 54 53 9 18 36 9 42 18 6 47 53 20 04 57 8 43 10 6 53 51 3 12 16 
8} 12 5050 2 OH 9 41 11 6 44 23 20 00 57 8 39-23 6 49 58 3 08 16 
9} 12 46 28 915 41 9 40 04 6 40 54 19 56 58 8 35 36 6 46 04 3 04 17 
0} 12 41 47 9 14 20 9 38 57 ME 75) 1952759 8 31 48 6 42 11 3 00 16 
11} 12 36 49 OP E3208' 9 37 49 N58 "52 19 49 O1 8 28 Ol 6 38 17 jit) 
12: SUR SINS 9 11 49 9 36 42 6 30 20 19 45 03 8 24 13 6 34 24 25 

131} $12°26-10 9 10 38 973030 6 26 48 19 41 05 8 20 25 6 30 30 2 48 16 
14} 12 20 32 90931 9 34 28 G23rlS 19 37 08 8 16 38 6 26 36 2 44 15 
15] 12 14 45 9 08 27 O33 6 19 41 193801 8 12 50 6 22 42 2 40 15 


16} 12 08 51 9 07 26 92518 


07 1929S 8 09 01 6 18 48 2 36 14 
WH TIZEO2eS 1 9 06 29 9 31 06 32 


19: 25°19 8 05 13 6 14 53 2 32 14 


hams es Hy aS iia Ss m s 


June 


July 
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12 02 51 9 06 29 9 31 06 


h ams 

6 12 32 19 25 19 8 05 13 6 14 53 
11 56 49 9 05 34 9 29 59 6 08 8 

6 

6 

5 


1 0 

08 57 LOWES OL 25 6 10 59 
11 50 47 9 04 41 9 28152 05 21 19 17 28 7 S136 6 07 04 
11 44 47 DO OBrS2 9 27 45 0 
=) 


11 38 52 9 03 05 9 26 38 


1 44 19 18133 138 Ag 6 03 10 
8 06 19 09 38 7 49 59 5) oe) IIS 


11 33 02 9 02 20 J) BY) 5 54 28 19 05 44 7 46 10 5 55 20 
i279 21 9 O01 38 9 24 25 5 50 50 19 01 50 7 42 20 > 51 25 
11 21 50 9 00 58 9 23 18 5 47 10 18 57 57 738 3: 5 47 30 
11 16 30 9 00 21 9 22) th 5 43 30 18 54 04 7 34 42 5 43 34 
11 11 23 8 59 45 9 21 05 5 39 49 18 50 11 7 30°52 =e) sh) 


11 06 30 S59) he SY sys: 5 36 08 18 46 19 7-27, 02 5 35 43 
1 Oyo 8 58 40 DASe52 5 32 26 18 42 27 7 238 12 5 31 48 
10 57 28 8 58 11 9 17 46 5 28 43 18 38 35 MDDS S27 32 
1053) 2 8 57 44 DANG 8Y) 5 24 59 18 34 44 TS 82: > 23) 56 
10 49 29 8 57 18 9 15 33 S 2015 18 30 54 7 Maka, 5 20 00 
10 45 55 8 56 54 9 14 27 7380 18 27 03 7 OF-Si1 5 16 04 
10 42 37 8 56 33 9 13921 5 13 44 LS; 26513 7 04 00 5 12 07 
10 39 36 8 56 13 91215 5 09 58 18 19 23 7 00 09 5 08 11 
10 36 SI 8 55 54 9 Ws 10 5 06 11 18 15 34 6 56 18 5 04 14 
10 34 23 8 55 38 9 10 04 5 02 23 18 11 45 692 27 5 00 18 
10 32 11 55 23 9 08 58 4 58 35 18 07 57 6 48 36 4 56 21 


8 
10 30 16 8 55 10 9 07 53 4 54 45 18 04 09 6 44 44 4 52 24 
10 28 37 8 54 59 9 06 48 4 50 56 18 00 21 6 40 52 4 48 27 
10 27 14 8 54 49 9 05 42 4 47 05 1) SOn33 6 37 00 4 44 30 
10 26 06 8 54 4] 9 04 37 4 43 13 17 52 46 6 33 08 4 40 32 


10 25 14 8 54 35 9 03 33 4 39 21 17 48 59 6 29 16 4 36 35 
10 24 38 8 54 30 9 02 28 A529 17 45 13 6 25 24 4 32 37 
10 24 17 8 54 27 9 O01 23 4 31 35 17 41 27 62131 4 28 40 
10 24 11 8 54 26 9 00 19 4 27 41 17 37 41 6 17 38 4 24 42 
10 24 21 8 54 26 8 59 14 4 23 46 7 38556 6 13 45 4 20 44 


19 50 17 30 11 6 
1553 17 26 26 6 
11 56 17 22 42 6 02 06 4 08 50 
07 58 17 18 58 5 
03 59 17 15 14 9) 


10 24 45 8 54 28 8 58 10 4 
10 25 25 8 54 31 8 57 06 4 
10 26 20 8 54 36 8 56 02 4 
10 27 30 8 54 42 8 54 58 4 
10 28 55 8 54 50 8 53 54 4 


10 30 36 8 54 59 8 S2,00 4 00 00 17 lA 0 5 50 24 35655 
10 32 32 8 55 10 8 51 47 3°59) 59. 17 07 47 5 46 30 3 52 36 
10 34 44 S 2a) 23) 8 50 44 3 51 58 17 04 05 5 42 36 3 48 57 
10 37 11 8 SD SI 8 49 40 3 47 57 17 00 22 5 38 41 3 44 58 
1013953 8 95 52 8 48 37 3 43 54 16 56 40 5 34 47 3 40 59 


10 42 52 8 56 09 8 47 34 3.3 )2) 8 16 52 58 > 80°32 3 37 00 
10 46 05 8 56 27 8 46 31 3 35 47 16 49 17 > 26) 37/ 3°33 Ol 
10 49 34 8 56 47 8 45 28 3 31 43 16 45 36 5) 28, OL 3 29102 
10 53 18 8 57 08 8 44 26 B 21k oi 16 41 55 5 19 06 3 25 02 
TO! So: Le 8 57 31 8 43 23 B 2375 16 38 14 5 15 10 3 20 03 


55 8 42 20 3 19 24 16 34 34 ey IL ats) 


11 01 30 i 
8 20 8 41 18 Bay i 16 30 54 0g 19 


8 
11 05 56 8 


Second transit: Pluto, June 23423"59™06°. 
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hm s In ie 8 hm hm hm nen as 
July 1] 11 01 30 ye Se) ays 20 319 od és 34 ey yom lil fs BIT 03 23 26 47 
OA ile OSe56 8 58 20 8 41 18 Bal sel 16 30 54 5 07 19 Be 13203 23 22 45 
Bye ie lors 8 58 47 8 40 15 3 11 09 16 27 14 5103" 23 3 09 04 23 18 43 
4] 11 15 26 8 59 15 8 39 13 3 07 00 16, 23°35 4 59 26 3 05 04 23 14 41 
Syl al O27 8 59 45 8 38 11 3 02 50 16 19 56 4 55 30 3 01 04 23 10 39 
Gil) whos shy 9 00 17 8 37 09 2 58 40 16 1617 4 51) 33 2 57 04 23 06 36 
AN WIS SS) 9 00 49 8 36 06 2 54 29 16 12 38 4 47 37 2 53 03 23 02 34 
Sa eles OMkS 9 01 23 8 35 04 2 50 18 16 09 00 4 43 40 2 49 03 25332 
9] 11 41 46 9 01 59 8 34 02 2 46 06 16 05 22 4 39 42 2 45 03 22 54 30 
OJ) Tb Aig ils) 9 02 36 8 33 01 2 41653 16 01 44 4 35 45 2 41 02 22 50 28 
11) 11 52°46 9 03 14 8 31 59 2 37 40 15 58 06 4 31 48 2 37 02 22 46 26 
12} 11558 15 9 03 54 8 30 57 DBS WS 15 54 29 4 27 50 2 33 01 22 42 24 
13} 12 03 41 9 04 34 8 29 55 DOK | 15 50 52 4 23 52 2 29 01 2238923 
14] 12 09 03 9 05 17 8 28 53 224 55 11 SyeeigpalS) 4 19 54 2 25 00 23421 
154 120A 9 9 06 00 S 2752 2 20 40 15 43 39 415 56 2 20 59 22 30 19 
16} 12 19 29 9 06 45 8 26 50 2 16 23 15 40 02 4 11 58 2 16 58 22 26 17 
NTs De 30) 9 07 31 8 25 48 2 12 06 15 36 26 4 07 59 2 1257 2222) 16 
1S) 12529) 23 9 08 18 8 24 47 2 07 48 15, 3250 4 04 01 2 08 56 22 18 14 
19] 12 3407 9 09 07 8 23 45 2 03 30 15 29 15 4 00 02 2 04°55 22 14 13 
20} 12 38 40 9 09 56 8 22 43 159 11 15 25 40 3 56 03 2 00 54 22 10 11 
Mil) W224 Ws! 9 10 47 8 21 42 Hetil oy 15 22 04 3 52 04 1 56 53 22 06 10 
QIN NAEAT NG 9 11 39 8 20 40 1 50 33 15 18 29 3 48 04 1-52 51 22 02 08 
23" ND Sia9 O12: 32 8 19 38 1 46 12 15 14 55 3 44 05 1 48 50 21 58 07 
24) 12 55 10 9 13 26 8 18 36 1 41 52 15 11-20 3 40 05 1 44 49 21 54 06 
ISS | OMS lt 9 14 20 8 17 34 1 37 30 15 07 46 3 36 05 1 40 47 21 50 05 
26) 13°02 22 915 16 8 16 32 1 33 09 15 04 12 332 05 1 36 45 21 46 04 
DT 30s) 42 OF6 13 8 15 30 1 28 47 15 00 38 3 28 05 1 32 44 21 42 03 
28] 13 08 52 9 17 10 8 14 28 1 24 24 14 57 05 3 24 05 1 28 42 21 38 02 
291 13) 11 52 9 18 09 8 13 25 1 20 02 14 53 31 3 20 05 1 24 41 21 34 01 
30} 13 14 42 9 19 08 Sr 12-23) 1 15 38 14 49 58 3 16 04 1 20 39 21 30 00 
3 3G 22: 9 20 08 8 11 20 eS 14 46 25 2 03 16 37 21 26 00 
Aug. 13 19 54 9 21 08 8 10 18 1 06 51 14 42 52 8 02 12 35 21 21 59 
1 


1 ay 1 

1 30 ] 

2H 139226 O22 0) 8 09 15 02 27 14 39 19 3 04 01 1 08 33 Ot 7 59) 
3} 13 24 29 Oey il 8 08 12 0 58 02 14 35 47 30 1 04 31 DIN: 58 
4| 13 26 34 9 24 14 8 07 08 0 53 38 14 32 14 ORS, 1 00 29 21 09 58 
5} 13 28 30 hey (yf 8 06 05 0 49 13 14 28 42 2 51 58 0 56 27 21 05 58 
6| 13 30 18 9 26 20 8 05 01 0 44 47 14 25 10 2 47 56 O°S2125 21801 57 
Th U3) S158 9 27 24 8 03 58 0 40 22 14 21 38 2 43 54 0 48 23 20997 ST 
sulle GE cis) XU) 928 29 8 02 54 0 35 56 14 18 06 PINS) 0 44 21 20°53: ST 
9| 13 34 54 9 29 34 8 01 50 0 Sitesi 14 14 35 250 5 0 40 19 20 49 58 


10} 13 36 10 930) 39) 8 00 45 0 27 05 14 11 03 2 31 49 03617 | 20 45 58 
TS t3 37 18 9 31 44 7 59 40 0 22 39 14 07 32 2 27 46 0 32 15 20 41 58 
12 13: 38) 20 9 32 49 7 58 36 0 18 13 14 04 O1 2 23 44 0.28 13 20°37 SY 
SiS! 39 aes DNS) 35 S30) 0 13 46 14 00 30 2 19 42 0 24 11 20533 59 
14} 13 39 59 9 35 Ol 7 56 25 0 09 20 13 56 59 2 3,39 0 2008 | 20 30 00 
15} 13 40 38 9 36 07 i 55-19 0 04 54 13 53°28 2, Like 36 01606 | 20 26 01 
16] 13 41 08 OSs 7 54 13 0 00 27 13 49 58 2 07 34 01204 | 20 22 02 


Second transit: Jupiter, Aug. 16°23"56™018, 


Sept. 


Oct. 


. 16] 13 41 08 
Ly 1340032 
18} 13 41 47 
19) 13 41 54 
20] 13 41 53 
21) 13 41 44 
22" 13°41 26 
23) 13 40 59 
24| 13 40 22 
25) 113° 39535 
26| 13 38 38 
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28) 13 36 11 
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Sit LS riG03 
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9} 13 00 18 
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14} 12 31 20 
15] 12 24 33 
oN 1A ies 
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23) 11°26°52 
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29} 10 55 38 
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1} 10 49 47 


Second transits: Jupiter, Aug. 1623"56™01°; Neptune, Aug. 
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10 00 03 UPS 
10 00 59 e200 
10 01 55 7 25 43 
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10 05 29 FT 20529 
10 06 20 PAD WS) 
10 07 12 7:17 48 
10 08 02 7 16 26 
10 08 51 7 15 04 
10 09 40 7 13 41 
10 10 28 (eval) 
10 11 16 T MONS2 
10 12 03 PAV 
10 12 49 7 08 O1 
10 13 34 7 06 34 
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10 15 03 A AUS) BX 
10 15 47 7 02 09 
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Explanatory information for data presented in the Ephemeris for Physical Observa- 
tions of the planets and the Planetary Central Meridians is given here. Additional informa- 
tion is given in the Notes and References section, beginning on page L10. 

The tabulated surface brightness is the average visual magnitude of an area of one 
square arcsecond of the illuminated portion of the apparent disk. For a few days around 
inferior and superior conjunctions, the tabulated surface brightness and magnitude of Mer- 
cury and Venus are unknown; surface brightness values are given for phase angles 2°1 < 

@ < 169°5 for Mercury and 2°2 < @ < 170°2 for Venus. For Saturn the magnitude in- 
cludes the contribution due to the rings, but the surface brightness applies only to the disk 
of the planet. 

The diagram illustrates many of the quantities tabulated. The primary reference points 
are the sub-Earth point, e (center of disk); the sub-solar point, s; and the north pole, n. 
Points e and s are on the line between the center of the planet and the centers of the 
Earth and Sun, respectively (for an oblate planet, the Sun and Earth are not exactly at the 
zeniths of these two points). For points e and s, planetographic longitudes, A, and A,, and 
planetographic latitudes, 6, and §;, are given. For points s and n, apparent distances from 
the center of the disk, d, and d,,, and apparent position angles, p, and p,, are given. 
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Diagram illustrating the Planetocentric Coordinate System 
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The phase is the ratio of the apparent illuminated area of the disk to the total area 
of the disk, as seen from the Earth. The phase angle is the planetocentric elongation of 
the Earth from the Sun. The defect of illumination, qg, is the length of the unilluminated 
section of the diameter passing through e and s. The position angle of g can be computed 
by adding 180° to p,. Phase and q are based on the geometric terminator, defined by the 
plane crossing through the planet’s center of mass, orthogonal to the direction of the Sun. 

The angle W of the prime meridian is measured counterclockwise (when viewed from 
above the planet’s north pole) along the planet’s equator from the ascending node of the 
planet’s equator on the Earth’s mean equator of J2000.0. For a planet with direct rotation 
(counterclockwise as viewed from the planet’s north pole), W increases with time. Values 
of W and its rate of change are given on page E3. 

Position angles are measured east from the north on the celestial sphere, with north 
defined by the great circle on the celestial sphere passing through the center of the planet’s 
apparent disk and the true celestial pole of date. Planetographic longitude is reckoned 
from the prime meridian and increases from 0° to 360° in the direction opposite rotation. 
Planetographic latitude is the angle between the planet’s equator and the normal to the 
reference spheroid at the point. Latitudes north of the equator are positive. For points 
near the limb, the sign of the distance may change abruptly as distances are positive in the 
visible hemisphere and negative on the far side of the planet. Distance and position angle 
vary rapidly at points close to e and may appear to be discontinuous. 

The planetocentric orbital longitude of the Sun, L ,, is measured eastward in the planet’s 
orbital plane from the planet’s vernal equinox. Instantaneous orbital and equatorial planes 
are used in computing L,. Values of L, of 0°, 90°, 180° and 270° correspond to the begin- 
ning of spring, summer, autumn and winter, for the planet’s northern hemisphere. 

Planetary Central Meridians are sub-Earth planetocentric longitudes; none are given 
for Uranus and Neptune since their rotational periods are not well known. Jupiter has three 
longitude systems, corresponding to different apparent rates of rotation: System I applies 
to the visible cloud layer in the equatorial region; System II applies to the visible cloud 
layer at higher latitudes; System III, used in the physical ephemeris, applies to the origin 
of the radio emissions. 
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Date Sub-Earth Point Sub-Solar Point North Pole 
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12 274,32 — 45] Sul} 7All NOG 60.88 = 2SS9) 336.35 
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18 300.86 = 24)7/ 331.04 see es) JASN oY 33395 
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Date Light-time | Magnitude ans Diameter ee 
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Apt. ] ee) wal tele 5.03 0.01 
3 11.00 — 2.0 ail les} 5.09 0.03 
5 10.84 = Ife tL 5.16 0.11 
7 10.64 = ils ard leh 5.26 0.23 
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25 7.38 0.0 HEED 7.58 0.421 99.1 4.39 
27 6.99 OY +3.4 8.01 0.359 106.4 S13 
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3} 4.81 + 4.5 +5.6 11.63 0.026 161.4 11.32 
15 4.70 + 5.4 +O) EO 0.010 168.3 179 
17 4.62 = = Pe 0.002 175.0 12.08 
19 4.59 = = 12.20 0.001 176.9 12.19 
21 4.59 = = 12.19 0.007 170.6 zl 
23 4.63 + 4.8 ONT 12.09 0.019 164.0 11.85 
25 4.71 + 4.0 +5.6 11.89 0.038 STS 11.44 
Dil 4.82 + 3.4 +5.4 11.62 0.061 151.3 10.91 
29 4.96 + 2.8 te ed 11.29 0.089 145.3 10.29 
31 Syl a3 +5.0 10.92 0.119 139.6 9.61 
June 2 pol taele9 +4.7 10.52 0.152 134.1 8.92 
4 5.54 a ANG +4,5 10.10 0.187 128.8 8.21 
6 5.78 Tale +4.3 9.68 0.223 123.6 2 
8 6.04 ae IL +4.1 9.26 0.261 118.6 6.85 
10 6.32 + 0.8 +3.9 8.86 0.299 S37 6.21 
12 6.61 0.6 ors 8.46 O39 108.8 5.59 
14 6.92 + 0.4 +3.6 8.09 0.380 103.9 5.01 
16 7.24 taOE2 +3;,5 tiie 0.423 98.9 4.46 
18 CEST, 0.0 4e3h3 7.39 0.467 O3h7 3.93 
20 7.91 10.1 “nore 7.07 0.514 88.4 3.44 
22 8.26 103 +3.0 6.77 0.563 82.8 2.96 
24 8.61 —04 +2.8 6.50 0.613 76.9 21 
26 8.96 —=10.6 P27 6.24 0.666 70.6 BAO) 
28 Si 0 E2h5 6.01 0.720 63.9 1.69 
30 9.64 109 +2.4 5.81 0.774 56.8 1.31 


July 2 9.95 = ie $22 5.62 0.826 49.3 0.98 


MERCURY, 2009 E59 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0" TERRESTRIAL TIME 


Dis Sub-Earth Point Sub-Solar Point North Pole 
fe} 


° ° 1 fe) a ° 

Apr. 1 359.93 = 3-6 357.58 + 0.17 294.60 2 Sil 331.41 
3 8.08 = 2) (0)5) 359.09 + 0.42 260.00 —2.54 331.50 
5 16.20 — 2.94 359.98 ot OWS 251.69 eS 338173 
7 24.32 — 2.84 0.34 +108 248.41 8) 332.08 
9 32.48 = 244 0.26 + 1.44 246.89 —2-69 332.56 
‘il 40.72 a= 2.65 359.92 te ARS 246.22 ea 333.16 
13 49.09 = DISKO) Boo se Pitts) 246.04 —2.86 333.87 
15 57.63 — 2.46 359.26 ta2e53 246.17 SSH 334.65 
M7 66.40 = 2-50 85983 + 2.86 246.50 Sau) 335.50 
19 75,42 DONS 359.89 ae Sells 246.95 = Sel 336.36 
21 84.73 =— 2.14 1.03 + 3.39 247.47 34 B8ir23 
23 94.35 == 2.01 2.80 =Sy8N) 248.02 —=3).58) 338.07 
25 104.30 — 1.86 5.20 —3.74 248.57 = 379) 338.86 
2a, 114.59 = 1.69 8.21 —3.84 249.08 —4.00 38957) 
29 125.23 — 1.49 11.78 —3.88 249.55 —4,23 340.19 
May 1 136.24 == 11S) 15.88 3) 5) 249.96 —4.46 340.69 
3 147.62 — 0.99 20.44 —=3)i/5) 250.32 —4.71 341.06 
5 159.36 OO 25.40 — 3:50 250.65 —4.95 341.31 
ih 171.47 — 0.36 30.72 3.29 250.99 sisi) 341.42 
9 183.92 ia 0.00 36.35 SPN| 251.43 + 5.42 341.40 
11 196.70 + 0.40 42.25 —2.43 252-13 eos 341.26 
13 209.75 + 0.83 48.36 —1.86 253.51 ap Set 341.02 
118s 223.02 = ITPA) 54.67 La 256.89 ae S95) 340.70 
17 236.45 +2 1.72 61.12 So 270.57 + 6.05 340.34 
19 249.95 oie LAO 67.69 —(1}3'33 26.20 + 6.10 339.96 
21 263.44 eS 74.35 —1.00 53.82 + 6.09 339.59 
23 276.83 + 2.97, 81.08 Al Ao7/ 58.80 + 6.04 339.25 
25 290.06 4P) Biesks) 87.83 22M 60.86 + 5.94 338.97 
27 303.07 3.05 94.60 —2.79 62.05 eel) 338.76 
29 315.82 ie 3:93 101.34 = 3 i 62.93 +45,63 338.64 
31 328.28 + 4.16 108.04 —3.54 63.70 + 5.44 338.60 
June 2 340.44 dy 4:35 114.67 SSehifs} 64.43 + 5.24 338.66 
4 352.29 a 4:51 PAA) —3.94 65.18 t.03 338.81 
6 3.84 + 4.63 127.59 —4.03 65.97 + 4.82 339.06 
8 15.10 gen 47D, 133.81 —4.07 66.83 + 4.62 339.41 
10 26.07 + 4.78 139.84 —4.06 67.76 + 4.4] 339.86 
12 36.78 + 4.82 145.63 —4.01 68.77 + 4.22 340.41 
14 47.22 + 4.85 151.13 ates S} 69.88 + 4.03 341.08 
16 57.42 + 4.85 156.31 Shr 71.10 “tt S285 341.86 
18 67.37 + 4.85 161.11 3,69 72.45 + 3.68 342.75 
20 77.09 + 4.83 165.48 ae) ano, 73.93 a oho 343.78 
ips 86.59 + 4.81 169.37 + 3,36 75.56 ao 344.94 
24 95.86 + 4.78 7201: “130 Tau + 3.24 346.24 
26 104.92 + 4.75 175.47 + 2.94 79.38 ar Goll 347.69 
28 3.77 ae ane 177.60 92570 81.61 + 3.00 349.29 
30 122.43 + 4.69 179.11 + 2.43 84.12 + 2.89 351.03 


July Pe 130.89 + 4.67 179.99 tad, LS 86.96 + 2.80 352.92 


E60 


Date 


July 


Aug. 


Sept. 


Oct. 


Light-time 


Magnitude 


t+++tto o+4++4++ %¢4+4+4+4 


++4+4 


+ + 


MERCURY, 2009 
EPHEMERIS FOR PHYSICAL OBSERVATIONS 


FOR 0" TERRESTRIAL TIME 


Surface 
Brightness 


Diameter 


0.826 
0.875 
0.918 
0.953 
0.979 


0.994 
0.998 
0.994 
0.983 
0.966 


0.946 
0.923 
0.900 
0.875 
0.851 


0.826 
0.802 
0.778 
0.755 
0.731 


0.707 
0.683 
0.659 
0.634 
0.608 


0.581 
0.552 
0.521 
0.489 
0.454 


0.416 
0.376 
0.333 
0.286 
0.238 


0.188 
0.138 
0.091 
0.051 
0.021 


0.006 
0.011 
0.036 
0.084 
0.150 


0.232 
0.324 


Defect of 
Illumination 


" 
0.98 
0.68 
0.44 
0.24 
0.11 


0.03 
0.01 
0.03 
0.09 
0.17 


0.28 
0.39 
0.52 
0.66 
0.80 


0.95 
1.10 
1.25 
1.42 
1.59 


LS 7e7, 
1.96 
2.16 
2.38 
2.63 


2.89 
3.18 
Bl 
3.87 
4.28 


4.74 
5.25 
5.83 
6.46 
eS 


7.88 
8.61 
9.30 
9.88 
10.25 


10.34 
10.10 
O52 
8.66 
7.61 


648 
5.36 


Date 


July 


Aug. 


Sept. 


Oct. 


Sub-Earth Point 
{e) 


O° 
130.89 
139.18 
147.34 
155.38 
163.36 


171.30 
NI 25 
187.23 
195.28 
203.42 


211.66 
220.01 
228.46 
237.03 
245.71 


254.50 
263.40 
272.41 
281.53 
290.76 


300.10 
309.55 
319M 
328.80 
338.62 


348.58 
358.69 
8.96 
19.43 
30.10 


41.01 
52.20 
63.69 
Seay? 
87.75 


100.40 
113.49 
127.03 
140.98 
155.26 


169.70 
184.12 
198.31 
212.07 
225.24 


237.75 
249.56 


+ 


+++44 


+ + 


4.67 
4.65 
4.65 
4.66 
4.68 


4.72 
4.77 
4.83 
4.9] 
5.00 


5.09 
5.20 
5.31] 
5.43 
3).5)5) 


5.68 
5.82 
5:95 
6.09 
6.23 


6.38 
6.53 
6.68 
6.84 
7.00 


HEM 
7.34 
te? 
7.70 
7.88 


8.07 
8.26 
8.45 
8.63 
8.79 


8.92 
9.01 
9.03 
8.97 
8.80 


8.51 
8.10 
7.60 
7.03 
6.43 


5.83 
5.26 


MERCURY, 2009 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0" TERRESTRIAL TIME 


Sub-Solar Point 


eo} 
NIMES) 
180.34 
180.26 
ORO. 
179.51 


179.26 
179.34 
179.91 
181.05 
182.83 


185.24 
188.25 
191.84 
195.94 
200.50 


205.47 
210.80 
216.43 
222.33 
228.45 


234.75 
241.21 
247.78 
254.45 
261.17 


267.93 
274.69 
281.44 
288.14 
294.77 


301.29 
307.68 
BIB 91 
819193 
B29, 


3322 
336.39 
341.19 
345.55 
349.42 


B525/0 
B55 i011 
357.63 
BOIS 

0.00 


0.34 
0.25 


// 


EG 


North Pole 


// 
+ 2.80 
ae AI 
+ 2.66 
+ 2.60 
D0 


ap oh 333} 
eo, 
a PA eylh 
a7 S| 
“ip Sy 


+ 2.54 
+ 2.56 
4e 2 Se) 
ae 88) 
ae PAST 


seal 
= 2/6 
+ 2.81 
GLE Ow, 
ae J) 83) 


+ 3.00 
+ 3.07 
Bul 
37 373} 
35 33 


E62 MERCURY, 2009 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0" TERRESTRIAL TIME 


Date Light-time | Magnitude ae oes Diameter eke cos 
1 

Oct. 2 7.92 5.36 
4 7.44 4.31 
6 7.00 3.39 
8 6.62 2.61 
10 6.28 1.98 
12 9.34 = 039 +2.4 5.99 0.754 595 1.47 
14 9.74 = 1140) 1 28 S75 0.812 51.4 1.08 
16 10.10 — RO eon 5.54 0.859 44.2 0.78 
18 10.42 =i aA 3) 537 0.896 37.6 0.56 
20 10.71 = iG tee Dae 0.925 31.8 0.39 
22 10.97 = 1A a Pll 5.10 0.948 26.5 0.27 
24 MG Sale +2.1 5.00 0.965 21.7 0.18 
26 11.38 ie +2.0 4.92 0.977 17.4 0.11 
28 LSS = sel) 4.85 0.986 K35 0.07 
30 11.68 Sis +1.8 4.79 0.993 29 0.04 
Nov. i 79 —14 riley 4.74 01997 6.6 0.02 
3 11.88 = 15 =tallae 4.71 0.999 3.5 0.00 
5 11.95 0.0 +1.6 4.68 1.000 0.7 0.00 
7 EDD Aled + ey 4.67 1.000 Dep) 0.00 
9 12.02 = +1.8 4.66 0.998 4.8 0.01 
11 12.02 =a 9 4.65 0.996 7.4 0.02 
13 12.01 = 10 +2.0 4.66 0.993 9.8 0.03 
15 11.97 1059 Teall 4.67 0.989 122 0.05 
7 EOD = 0:8 le 4.69 0.984 14.6 0.08 
19 11.85 = 0:8 Tea 4.72 0.978 17.0 0.10 
21 11.76 0.7) +2.4 4.76 0.971 19'S 0.14 
23 11.65 (057 a5) 4.80 0.964 22.0 0.17 
25 1S = 0:6 a5) 4.85 0.955 24.6 0.22 
27 11.38 —= 06 +2.6 4.92 0.944 27.3 0.27 
29 11.21 — 0.6 +2.6 4.99 0.932 30.2 0.34 
Dec I 11.02 == (055 T2t6 5.08 0.918 33.2 0.41 
3 10.82 ==i\0)3) 4 Ih eZ 0.902 36.5 0.51 
5 10.58 055 anya 5.29 0.883 40.0 0.62 
i} 10.33 055 ae, 5.42 0.860 43.9 0.76 
y 10.05 =—=i055 +2.7 Sno 0.834 48.1 0.93 
i OD — 0.6 aa 5.74 0.802 52.8 1.14 
13 9.42 —0!6 aie oil 5.94 0.765 58.0 1.40 
15 9.06 = 016 +2.8 6.17 0.720 63.9 NEZS) 
17 8.69 — 0.6 +2.8 6.44 0.668 70.4 2.14 
19 8.29 —10'5 +2.8 6.75 0.606 77.8 2.66 
21 7.88 = 0'5 +2.8 7.10 0.534 86.1 S01 
23 7.45 — 08 +29 ih 0.452 95.5 4.11 
25 7.04 0.0 +3.1 HOS: 0.362 106.0 5.07 
27 6.64 + 0.4 +3.4 8.43 0.268 117.6 6.17 
29 6.27 af lle HS, 8.92 0.176 130.4 ESS 
31 5:97 an Py +4,2 9.38 0.095 144.1 8.48 


35 5.74 ho +4.7 9.74 0.036 158.1 | 939: 


MERCURY, 2009 E63 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° TERRESTRIAL TIME 


a Sub-Earth Point Sub-Solar Point North Pole 
fe) 


° ° tt fe) // fe) 
Oct. 2 249.56 ar eA 0.25 35/1 Wes Ag) + 3.94 27.14 
4 260.73 + 4,73 359.91 —=soV/ 116.56 ap Shall 27.32 
6 27131 + 4.24 359.50 + 3.50 117.69 + 3.49 DISS 
8 281.40 +) 3.8) 359.25 ctaed.228 118.64 + 3.30 27.82 
10 291.10 ay 3.43 359.34 +3 2:92 119.44 coms) 28.08 
12 300.50 + 3.08 59.92 + 2.58 XO + 2.99 28.30 
14 309.69 aay 2S 1.08 492125 120.67 Qe Si, 28.46 
16 318.74 + 2.50 2.86 431.93 WPAN ae 9/7) 28.55 
18 327.69 +. 2.24 5.28 + 1.64 121.46 + 2.68 28.56 
20 336.59 fe PADI 8.31 e130 PP IAs ae PALI 28.48 
22 345.47 are) lege) 11.90 + 1.14 121.88 ea ROS) 28.31 
24 354.34 aa Ikd8 16.01 + 0.93 122.00 ar 7) i) 28.05 
26 Ps 23, ar WSs) 20.58 ae 7/53 122.09 + 2.46 27.69 
28 1213 ar LAY) 25.55 + 0.56 12222 + 2.42 27.26 
30 21.06 ae OD 30.88 + 0.41 122752 a PA BIS) 26.73 
Nov. 1 30.02 + 0.84 36.52 te O24 123.36 ap DAN 26.13 
3 39.01 + 0.66 42.42 + 0.14 126.28 46 22S) 25.44 
5 48.02 + 0.49 48.54 + 0.03 157.60 + 2.34 24.68 
7 57.06 2) O32 54.85 + 0.09 285.79 4 72,319) 23.84 
9 66.13 ta) OLS 61.30 + 0.20 291.20 qed Bye) 22.93 
11 PSA) == OHO 67.88 + 0.30 292.11 9). 333) 21.94 
13 84.34 == Es 74.54 + 0.40 291.99 235 20.89 
15 93.48 = {35 81.27 + 0.49 291.43 24 LOTT 
17 102.64 = OS? 88.02 + 0.59 290.62 =), 35) 18.59 
19 111.81 = (CY 94.79 + 0.69 289.63 1. N6) 17.35 
21 121.00 == Oey 101.53 + 0.79 288.52 74. No) 16.05 
23 130.20 ea 1eOD 108.23 + 0.90 287.30 —2.40 14.70 
25) 139.42 = le 114.86 sy Os 286.00 —2.43 13250 
27 148.65 —= 1:42 121.38 ar ities} 284.61 —2.46 11.86 
29 157.89 Algol al. ar eS) 283.16 —2.49 10.38 
Dec 1 167.16 == lassi 133299) ar alee!) 281.64 —2.54 8.87 
3 176.45 = PY 140.01 tl.54 280.08 —2).339) UBS 
3 185.76 — 2.24 145.79 + 1.70 278.48 —2.64 5.81 
7 195.12 — 2.47 151.29 + 1.88 276.84 hk 4.27 
9 204.52 ae De /D 156.46 te 2 OF 21519 —25/8 2.76 
11 214.00 —= PS) 161.25 + 2.29 PNB) 33) 9) {Si Nasi, 
13 223.07, = Byes 165.61 te2 2 271.88 My 359.84 
15 233.28 = Spy) 169.48 si Pel 270.24 —3.08 358.49 
17 243.16 — 3.94 172.80 43:03 268.63 3}. 357.24 
19 Uayy Phe) — 4.32 175.54 + 3.30 267.06 3,57 356.13 
21 263.75 — 4.75 177.66 + 3.54 265.52 —3.54 8552) 
23 274.64 = Be 179.14 —3.74 264.00 —3.74 354.51 
HU) 286.06 == Bis 180.01 ose 262.44 —=3}96 354.10 
27 298.15 0.50) 180.34 —3.74 260.71 —4,19 354.03 
29 311.00 — 6.89 180.25 —3.40 258.43 —4.43 354.34 
3H 324.65 = HAS 179.90 = HS) 254.63 —4.65 355.05 


33 339.00 = esi 179.50 = 1082 245.74 —4.82 356.11 


E64 


Date 


Feb. 


Apr. 


May 


June 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 


VENUS, 2009 


FOR 0° TERRESTRIAL TIME 


Surface 
Brightness 


t-+tee FH te Fett 


++ 44+ 


++ ttt +H+4+4+4 


+++ 44+ 


Diameter 


0.595 
0.577 
0.559 
0.541 
0.521 


0.500 
0.478 
0.455 
0.431 
0.406 


0.379 
0.350 
0.320 
0.288 
0.254 


0.218 
0.181 
0.144 
0.108 
0.074 


0.045 
0.023 
0.011 
0.011 
0.022 


0.043 
0.072 
0.105 
0.141 
0.178 


0.214 
0.249 
0.283 
0.315 
0.345 


0.374 
0.401 
0.427 
0.451 
0.474 


0.497 
0.518 
0.539 
0.558 
0.577 


0.595 
0.613 


90.0 


100.9 


104.0 
107.4 
iatulell 
1 ley 
119.5 


124.3 
129.6 
135.4 
141.7 
148.5 


155.6 
162.6 
167.8 
167.9 
162.9 


156.0 
148.9 
142.2 
135.9 
130.2 


124.9 
120.1 
115.8 
111.8 
108.1 


104.6 
101.4 
98.4 
95.6 
92.9 


90.4 
87.9 
85.6 
83.3 
81.1 


79.0 
76.9 


Defect of 
Illumination 


" 
8.28 
8.95 
9.69 

10.52 

11.43 


12.46 
13.60 
14.88 
16.33 
L797 


19.83 
21.94 
24.35 
27.08 
30.18 


33.66 
Sifigen 
41.69 
46.05 
50.32 


54.14 
57.02 
58.55 
58.44 
56.72 


53.67 
49.74 
45.40 
41.01 
36.83 


32.98 
DOES. 
26.44 
23.18 
2135 


19.25 
17.42 
15.80 
14.37 
13.10 


jl hey 
10.96 
10.05 
9.24 
8.50 


7.84 
7.23 


Date 


Feb. 


Apr. 


May 


June 


1) eo) 


164.06 
174.40 
184.66 
194.85 
204.94 


214.93 
224.81 
234.55 
244.13 
253.54 


262579 
271.67 
280.33 
288.64 
296.57 


304.04 
310.98 
317.34 
323.05 
328.09 


332.49 
336.36 
339.88 
343.30 
346.87 


350.83 
355.34 
0.49 
6.29 
122: 


19.70 
27.17 
35.07 
43.34 
SAKOD. 


60.77 
69.85 
79 M3 
88.57 
98.14 


107.85 
117.66 
LOTS, 
137.56 
147.63 


ESV. 
167.96 


+ 
+ 


++ +4 4+ 


+ + 


1.24 
0.92 


VENUS, 2009 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° TERRESTRIAL TIME 


Sub-Earth Point Sub-Solar Point North Pole 


(eo) 
243.17 
255.50 
267.84 
280.20 
292.56 


304.93 
S13 
329.70 
342.09 
354.50 


t++te+ +44 


+ + 


" 
+ 10.03 
+ 10.46 
+ 10.92 
+ 11.41 
atm lO 


+ 12.46 
S02 
e326] 
— 14.22 
— 14.85 


— 15.48 
elo 
Sal6:69 
=i ETP! 
a HESD 


SS N/CIRS 
— 17.66 
abe 
— 16.00 
— 14.20 


ANNES) 
= 8.4 
Soy) 
Be Os 
— 8.54 


— 11.40 
AE Rey 
SSS: 
aa O61 
I Vailal 


ale 20) 
=O) 
— 16.60 
— 16.08 
ald.49 


— 14.87 
— 14.24 


+ + 
© 0 
— YN 
or 


// 
+ 10.21 
+ 10.59 
+ 11.00 
+ 11.45 
=. 98 


—12.46 
= 11303 
—13.66 
—14.35 
— S50 


— 15.98 
—16.84 
—17.84 
lis 2 
2.00 


= 2138 
DD. 
—24.12 
— 255k 
=26:82 


DOS 
2 Se 
=29 21 
2958 
—28 69 


280) 
—26.60 
25.23 
=23.18 
22,33 


—20.94 
=19:63 
—18.42 
=l73t 
16.29 


—15.37 
+ 14.53 
ile er/a| 
13.08 
12.46 


+++ 


11.89 
11.36 
10.89 
10.45 
10.05 


t++++ 4+ 


+ 


9.68 
9.34 


+ 


E65 


E66 VENUS, 2009 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0" TERRESTRIAL TIME 


m I ° " 
July 4 7.69 —42 teadles, 18.06 0.630 74.9 6.68 
8 7.94 = 432 eles 17.48 0.647 73.0 6.18 
12 8.19 —4.1 sia hes! 16.94 0.663 71.0 ani 
16 8.44 424.1 sea U8) 16.44 0.678 69.1 29 
20 8.69 74.1 eile 1507 0.693 67.3 4.90 
24 8.93 carpal PGS 15.54 0.708 65.4 4.54 
28 Ona, — 4.0 ay he 15.14 0.722 63.6 4.21 
Aug. 1 9.40 —4.0 tied, 14.76 0.736 61.8 3.90 
5 9.63 — 4.0 cram? 14.41 0.749 60.1 3.61 
9 9.86 —4.0 ap lhe 14.08 0.763 58.3 3.34 
13) 10.08 — 4.0 ale? 13.77 0.775 56.6 3.09 
17 10.29 —4.0 ap 1.72 13.48 0.788 54.9 2.86 
21 10.51 = 3) as le? 13.21 0.800 532 2.65 
25 10.71 = 3) i tel 12.96 0.811 SS 2.44 
29 10.91 = 39 ata IL 12.72 0.823 49.8 2.26 
Sept. p 11.10 = 38 ae a llll 12.50 0.834 48.1 2.08 
6 eZ! = Sy) ap led W229 0.844 46.5 1.91 
10 11.48 == 339) “aL 12.09 0.855 44.8 1.76 
14 11.65 = 3) tr alia 11.91 0.864 43.2 1.61 
18 11.83 == 314) ar leit 11.74 0.874 41.6 1.48 
22 E99, =o9 a> 10) Ibs) 7 0.883 40.0 1.35 
26 12.15 Si) LO 11.42 0.892 38.4 1.23 
30 12.30 = 39 + 1.0 11.28 0.900 36.8 pe2 
Oct 4 12.45 =O aa) TNS 0.908 B52 1.02 
8 1259 = 1210) tle) 11.02 0.916 3857 0.92 
12 Ps) aOR + 120 10.90 0.924 SyRil 0.83 
16 12.86 = 31) a ik) 10.79 0.930 30.6 0.75 
20 12.98 =2309 + 0.9 10.69 0.937 29.0 0.67 
24 13.10 =D 1 Oe 10.59 0.943 25 0.60 
28 13.21 = 38) a OS 10.51 0.949 26.0 0.53 
Noy. 1 13.32 = ae (OY) 10.42 0.955 24.5 0.47 
5 13.42 8) + 0.9 10.35 0.960 234 0.41 
9 13.51 3h) Te OE9 10.27 0.965 21.6 0.36 
13 13.60 = ae) tS 0,0 10.21 0.969 20.2 0.31 
17 13.68 = Si) + 0.9 10.15 0.974 18.7 0.27 
21 13.75 F339 + 0.8 10.09 0.977 17.3 0.23 
DS 13282 aie) + 0.8 10.04 0.981 15.9 0.19 
29 13.89 ah) + 0.8 we) 0.984 14.5 0.16 
Dec. 3 13.95 eo) + 0.8 9.95 0.987 itsielt 0.13 
7 14.00 Sy) + 0.8 ie) 0.989 11.8 0.10 
11 14.05 eS ios) + 0.8 9.88 0.992 10.4 0.08 
115) 14.09 Tao + 0.8 9.85 0.994 ot 0.06 
19 14.12 Se shy + 0.8 9.83 0.995 7.8 0.04 
13) 14.16 wow, TOS 9.80 0.997 6.4 0.03 
27 14.18 59) ay (Uni O79 0.998 Dal 0.02 
31 14.20 — 4.0 as 0),7/ OST. 0.999 3:9 0.01 


35 14.22 — 4.0 + 0.7 9.76 0.999 2.6 0.01 


Date 


July 


Aug. 


Sept. 


Oct. 


Nov. 


FOR 0" TERRESTRIAL TIME 


VENUS, 2009 
EPHEMERIS FOR PHYSICAL OBSERVATIONS 


E67 


Sub-Earth Point Sub-Solar Point North Pole 


(e) 
178.20 
188.49 
198.83 
209.20 
219.62 


230.07 
240.56 
251.07 
261.61 
APES 


282.78 
293.40 
304.05 
314.72 
325.41 


336.12 
346.85 
357.60 
8.37 
LORS 


2995 
40.77 
51.60 
62.45 
73.30 


84.17 
95.06 
105.95 
116.85 
127.76 


138.67 
149.59 
160.52 
171.46 
182.40 


198535 
204.30 
215,25 
226.20 
237.16 


248.12 
259.08 
270.04 
281.00 
291.96 


302.92 
313.89 


+++ 4 
i) 
SS 
WA 


1 
T 
= 
~ 
\o 


+ 


i 
T 


+ +++ +4 


+++ + + 


1 
8.72 
8.35 
8.01 
7.68 
eM) 


7.07 
6.78 
6.51 
6.24 
SLY) 


SiS 
5.51 
529 
5.07 
4.86 


4.65 
4.46 
4.26 
4.08 
3.90 


Sol 
38) 
3.38 
Bk 
3.05 


2.90 
2.74 
2.60 
2.45 
231 


2.16 
2.03 
1.89 
1.76 
1.63 


1.50 
1.38 
125 
1.13 
1.01 


0.89 
0.78 
0.66 
0.55 
0.44 


0.33 
0.23 


+++ 4+ + 


+ + 


" 
9.03 
8.74 
8.47 
8.22 
7.98 


We 
Tol 
7.38 
7.20 
7.04 


6.88 
6.74 
6.61 
6.48 
6.36 


6.25 
6.15 
6.05 
5295 
5.87 


A) 
Sail 
5.64 
S35, 
Syoll 


5.45 
5.40 
5.34 
5.30 
S25 


5.21 
17 
5.14 
5.10 
5.07 


5.05 
5.02 
5.00 
4.98 
4.96 


4.94 
4.93 
4.91 
4.90 
4.89 


4.89 
4.88 


ie) 
346.86 
348.34 
349.91 
B Ses 
353.32 


ssull3) 
356.99 
358.90 
0.83 
Boll 


4.70 
6.60 
8.45 
10.25 
11.96 


13.58 
15.10 
16.50 
TTY 
18.91 


ROD, 
20.78 
21.49 
22.05 
22.47 


OS 
22.84 
HATS) 
229 
22.24 


21.74 
21.08 
20.27 
19.30 
(tes 


16.93 
5253 
13.99 
12.33 
10.54 


8.66 
6.68 
4.63 
2.54 
0.41 


358.28 
356.16 


E68 MARS, 2009 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° TERRESTRIAL TIME 


Surface Phase Phase Defect of 


me Light-time °| Magnitude Brightness : Angle | Illumination 


Jan =) 20.27 ar Wes! +4.0 3.84 3.82 0.999 4.1 0.00 
1 20.20 an les: +4.0 3.86 3.83 0.998 4.9 0.01 

5 20.12 ap less +4.0 3.87 3.85 0.998 5.6 0.01 

g) 20.05 3e bes) +4.0 3.89 3.86 0.997 6.3 0.01 

13 19.97 aint ales) +4.0 3.90 3.88 0.996 7.0 0.01 

Wi) 19.88 se AW) +4.0 Se 3.89 0.995 Shea 0.02 

Bil 19.80 stale) +4.0 B95 3.91 0.995 8.5 0.02 

25 BS) 71h sr Wee) +4.0 Bro 393 0.994 Ds 0.03 

we; 19.63 cae eS +4.0 S97 395 0.993 oe 0.03 

Feb. 2 19.54 ar de8) +4.0 S99) 3.96 0.992 10.6 0.03 
6 19.44 Be alles) +4.0 4.01 3.98 0.990 11.3 0.04 

10 1935 an ales) +4.0 4.02 4.00 0.989 {se8s) 0.04 

14 19.26 “tales +4.0 4.04 4.02 0.988 12.6 0.05 

18 19.16 a I +4.0 4.06 4.04 0.987 133 0.05 

22 19.07 “tee Le. +4.0 4.08 4.06 0.985 14.0 0.06 

26 18.97 ar dhe? +4.0 4.11 4.08 0.984 14.6 0.07 

Mar. 2 18.88 san lee, +4.0 4.13 4.11 0.982 Iss, 0.07 
6 18.78 ar dle? +4.0 4.15 4.13 0.981 eg 0.08 

10 18.68 alee, +4.0 4.17 4.15 0.979 16.6 0.09 

14 18.58 ap Ap +4.0 4.19 4.17 0.978 eZ 0.09 

18 18.49 ar he +4.0 4.21 4.19 0.976 17.8 0.10 

22 18.39 ar dha +4.0 4.24 4.21 0.974 18.4 0.11 

26 18.29 steele +4.) 4.26 4.24 0.973 19.1 0.12 

30 18.19 ap Ay? +4.1 4.28 4.26 0.971 SH) 0.12 

Apr. 3 18.09 cimelted, +4.1 4.30 4.28 0.969 20.3 0.13 
if 18.00 cael, +41 4.33 4.31 0.967 20.8 0.14 

th 17.90 Tl +4.1 4.35 4.33 0.965 21.4 0.15 

15 17.80 ae le +41 4.38 4.35 0.964 22.0 0.16 

19 17.70 se? +4.1 4.40 4.38 0.962 22.6 0.17 

23 17.60 a) Wy) +4.1 4.42 4.40 0.960 23.1 0.18 

27 17.51 alee +4.1 4.45 4.43 0.958 23.7 0.19 

May 1 17.41 sis ale +4.] 4.47 4.45 0.956 24.2 0.20 
5 17.31 ae, Ley +4.1 4.50 4.48 0.954 24.8 0.21 

9 HP ar dle? +4.1 4.53 4.50 0.952 253 0.22 

ie) 17.10 Hl 2 +4.1 4.55 4.53 0.950 25.8 0.23 

17 17.00 ae Ly +4.1 4.58 4.56 0.948 26.4 0.24 

21 16.90 5 | dey +4.2 4.61 4.59 0.946 20) 0.25 

25 16.80 ae Wed +4.2 4.64 4.61] 0.944 27.4 0.26 

29 16.69 ele +4.2 4.67 4.64 0.942 27.9 0.27 

June 7 16.58 ag | Dhar? +4.2 4.70 4.67 0.940 28.4 0.28 
6 16.47 ay Mey! +4.2 4.73 4.70 0.938 28.9 0.29 

10 16.36 ar lish +4.2 4.76 4.73 0.936 29.4 0.31 

14 16.25 sue +4.2 4.79 4.77 0.934 29.8 0.32 

18 16.14 1p 5 lel +4.2 4.83 4.80 0.932 30.3 0.33 

oe 16.02 ste | del +42 4.86 4.84 0.930 30.8 0.34 

26 15.90 sin Weil +4.2 4.90 4.87 0.927 Se 0.36 

30 15.78 ae deal +4.2 4.94 4.9] 0.925 Shei 0.37 


Date 


Feb. 


Apr. 


May 


June 


° 
277.67 
238.54 
199.39 
160.23 
121.04 


81.82 
42.57 
3.29 
323.98 
284.64 


245.25 
205.83 
166.37 
126.86 

87.32 


47.74 
8.11 
328.45 
288.75 
249.02 


209.26 
169.46 
129.65 
89.81 
49.96 


10.11 
330.25 
290.39 
250.53 
210.70 


170.88 
131.08 
91.31 
51.58 
11.88 


2) )90, J) 
292.61 
253.04 
21 
174.03 


134.60 
9522 
55.88 
16.60 

Cees) 


298.16 
259.00 


MARS, 2009 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° TERRESTRIAL TIME 


255.62 
216.95 
178.25 
139.53 
100.78 


62.00 
MS 
344.35 
305.48 
266.59 


227.66 
188.70 
149.72 
110.71 

71.67 


32.60 
33). 
314.40 
ZS 
236.12 


196.96 
157.78 
118.60 
79.41 
40.21 


1.02 
321.83 
282.64 
243.47 
204.31 


165.17 
126.04 
86.94 
47.86 
8.80 


329.78 
290.78 


// 
+ 0.14 
+ 0.16 
+ 0.19 
Oeil 
+ 0.24 


+ 0.26 


IES 
101 


E69 


E70 MARS, 2009 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° TERRESTRIAL TIME 


Diameter Phase Defect of 


Surface 


Date Light-time | Magnitude | pyichtness 


m " 1" ° "1 

July + 15.65 ae lil +43 4.98 4.95 0.923 32.2, 0.38 
8 15352 ap lal +4.3 5.02 4.99 0.921 32.6 0.39 

12 1539) ate +43 5.06 5.03 0.919 33.0 0.41 

16 5525 omelet +43 5.11 5.08 0.917 3355 0.42 

20 Si ap ribs +43 Spits) ay!) 0.915 3339 0.44 

24 14.97 a ilail +43 5.20 Solh/ 0.913 34.3 0.45 

28 14.82 am JUsil +43 526 322 0.911 34.7 0.47 

Aug. 1 14.67 =e +43 5.31 5.28 0.909 35.1 0.48 
5 14.51 ce Jbl +43 5) 5.34 0.907 3555 0.50 

9 14.35 a itil +4.4 5.43 39 0.905 35.9 0.51 

13 14.19 ct aleO) +4.4 5.49 5.46 0.903 36.3 0.53 

Fi 14.02 tome) +4.4 5.56 sya 0.901 36.6 0.55 

21 13.84 lO +44 5.63 559 0.899 37.0 0.57 

25 13.66 ctamla) +4.4 5.70 5.67 0.898 371.3 0.58 

29 13.48 ap NAY +4.4 Sad S/S) 0.896 Sie7 0.60 

Sept. 2 13.28 ap +4.4 5.86 5:83 0.894 38.0 0.62 
6 13.09 a 1019 +4.4 5295 D.92 0.893 38.3 0.64 

10 12.89 O09 +44 6.04 6.01 0.891 38.5 0.66 

14 12.68 + 0.9 +4.4 6.14 6.11 0.890 38.8 0.68 

18 12.47 oO L9: +4.5 6.25 6.21 0.888 39.0 0.70 

2, 12.26 + 0.8 +4.5 6.36 6.32 0.887 892 0.72 

26 12.03 + 0.8 +45 6.47 6.44 0.886 39.4 0.74 

30 11.81 +1058) +4,5 6.60 6.56 0.885 39.6 0.76 

Oct. 4 11.58 + 0.8 +4.5 6.73 6.69 0.885 39.7 0.78 
8 11.34 On +4.5 6.87 6.83 0.884 39.8 0.79 

V2 11.10 OFT +45 7.02 6.98 0.884 39.8 0.81 

16 10.86 at OL6 +4.5 7.17 7.14 0.884 39:9 0.83 

20 10.61 + 0.6 +45 7.34 7.30 0.884 39.8 0.85 

24 10.36 Oks +45 752 7.48 0.885 39:7 0.87 

28 10.10 2 (Wha) +45 Te 7.67 0.885 39.6 0.88 

Noy. 1 9.84 + 0.4 +4.5 7.91 7.87 0.887 39.4 0.90 
5 9.58 + 0.4 +4.5 8.13 8.09 0.888 39.1 0.91 

9 9.32 + 0.3 +4.5 8.36 8.31 0.890 38.7 0.92 

13 9.06 N03) +4.5 8.60 8.56 0.892 38.3 0.93 

17 8.79 AO +4.6 8.86 8.81 0.895 37.8 0.93 

A) 8.53 10H +4.6 9.13 9.08 0.899 37a 0.93 

25 8.27 a pil +4.6 9.42 OS 0.903 36.4 0.92 

29 8.01 0.0 +4.5 9278 9.68 0.907 355 0.90 

Dec. 3 UIE 0 it +45 10.05 10.00 0.912 34.5 0.88 
if 7.50 ==). +45 10.38 10.33 0.918 33.4 0.86 

11 7.26 —10:3) +4.5 10.73 10.68 0.924 32.0 0.82 

15S 7.02 — 0.4 +4.5 11.10 11.04 0.931 30.6 0.77 

ie) 6.79 = 10/5 +4.5 11.47 11.41 0.938 28.9 0.71 

23 6.58 =10;5 +4.5 11.84 11.78 0.945 27.0 0.65 

2a, 6.37 — 0.6 +4.5 E22, 12.16 0.953 25.0 0.57 

31 6.19 07 +4.4 12.59 12.52 0.961 227 0.49 


35 6.02 —0.8 +4.4 12.94 12.87 0.969 20.2 0.40 


Date 


July 


Aug. 


Sept. 


Oct. 


Sub-Earth Point Sub-Solar Point 


eo) 


219.89 
180.82 
141.79 
102.79 

63.83 


24.90 
346.01 
307.14 
268.30 
229.49 


190.71 
151.95 
113.21 
74.50 
35.80 


S578 
318.49 
279.86 
241.25 
202.67 


164.11 
125.58 
87.08 
48.60 
10.16 


331.76 
293.39 
255.07 
216.80 
178.59 


140.44 
102.36 
64.36 
26.44 
348.62 


310.91 
Dono 
235.86 
198.55 
161.38 


124.39 
87.59 
50.98 
14.57 

338.38 


302.41 
266.66 


++ 


MARS, 2009 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° TERRESTRIAL TIME 


(e} 
251.82 
212.89 
173.99 
135.12 

96.29 


57.50 
18.74 
340.02 
301.33 
262.67 


224.05 
185.46 
146.90 
108.37 

69.88 


31.41 
352.97 
314.56 
276.17 
237.81 


199.47 
161.16 
122.86 
84.59 
46.34 


8.10 
329.88 
291.67 
253.48 
215.30 


W/Hells} 
138.98 
100.83 
62.69 
24.56 


346.44 
308.32 
270.20 
232.09 
193.97 


155.86 
Mies 
79.64 
41.52 
3.40 


25771 
287.14 


++ tH 4 


+ + 


Wl 
ap sy? 


10) 
75.25 
76.27 
ABZ 
78.39 
79.49 


80.61 
81.74 
82.89 
84.05 
85.21 


86.37 
87.54 
88.69 
89.84 
90.97 


92.09 
93.18 
94.25 
9529 
96.30 


97.28 
98.23 
99n8 
100.00 
100.82 


101.60 
102.34 
103.02 
103.66 
104.25 


104.79 
105.27 
105.70 
106.07 
106.38 


106.63 
106.81 
106.92 
106.95 
106.90 


106.76 
106.51 
106.13 
105.60 
104.90 


103.97 
102.75 


E71 


North Pole 


! 
—2.42 
2.45 
—2.48 
= I)s5)Il 
= 2.54 


Seo, 


3.08 
2.69 


Bi JUPITER, 2009 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0" TERRESTRIAL TIME 


Surface Diameter Phase Defect of 


Rate Tighe cube magnus Brightness ‘ ft Angle Illumination 


Jan 3 50.06 | iu) sere) 32.76 30.63 4.0 0.04 
1 50:22 =aall 2 TAD. 32.65 30.53 3.5 0.03 

5 50.36 = I mar i) 32,95 30.44 YA’) 0.02 

9 50.48 — Nee x) 32.48 30.38 2.3 0.01 

13 50.56 — Nee) 5.3 32.43 30.32 137, 0.01 

17 50.62 == 1K) td) 3 32.39 30.29 (ea 0.00 

Pall 50.65 al) +: 5K3 32-30) 30.27 0.5 0.00 

IS) 50.65 = 1h) 135.3 32.37 30.27 0.1 0.00 

29 50.62 ==) 153 32.39 30.29 0.7 0.00 

Feb. 2 50.57 =H:9 3 32.42 30.32 1.3 0.00 
6 50.48 == IS) 5.3 32.48 30.37 1.9 0.01 

10 S0ISi == ies) te 32.55 30.44 2 0.02 

14 50.23 IN) arty). 32.64 30.52 3 0.02 

18 50.07 — es aoe) 3219) 30.62 Bt7 0.03 

Vip) 49.87 IW) 5).3 32.88 30.74 4.2 0.04 

26 49.65 =2:0 SES 33.02 30.88 4.8 0.06 

Mar. 2 49.41 ==2,0 129.3 Ship less 31.03 58 0.07 
6 49.14 2.0 +53 Soom 31.20 Di) 0.09 

Q 48.85 2.0 +93 33050 31.39 6.4 0.10 

14 48.53 = 2:0 SES 33.79 3159 6.9 0.12 

18 48.19 == AN) “ass 34.02 31.82 74 0.14 

22 47.83 nO) HSS 34.28 32.06 LS 0.16 

26 47.45 = Pal +S.3 34.55 32311 8.3 0.18 

30 47.05 sal +53 34.85 32.59 8.7 0.20 

Apr. 3 46.63 al D3 35.16 32.88 on 0.22 
7 46.20 eI SPs) 35.49 S5ul9 9.5 0.24 

1] 45.75 cael Zig? Go} 35.84 3392 29 0.27 

15 45.28 2k 35:3 36.21 33.86 10.2 0.29 

19 44.80 — 29) 5.3 36.60 34.22 10.5 0.31 

23 4431 =I) Ps 37.00 34.60 10.7 0.32 

27 43.81 Ise) +25.3 37.42 35.00 11.0 0.34 

May 1 43.30 ae ar Oe) 37.86 35.41 Laat 0.36 
5 42.79 mes +3 38.32 35.83 143 0.37 

9 42.27 re 6) 3 38.79 36.27 11.4 0.38 

13 41.75 ae ee 125.3 39.28 36.73 11:5 0.39 

17 41.22 ee e.3 39.78 37.20 Its 0.40 

21 40.70 —2.4 ey.3 40.29 37.67 135 0.40 

25 40.17 —2.4 itor 40.81 38.16 11.4 0.40 

2° 39.66 24 15.3 41.34 38.66 11.3 0.40 

June 2 39.15 ae) 3) aL a> hs) 41.88 SOOT, 11.2 0.40 
6 38.64 215 ors: 42.43 39.68 11.0 0.39 

10 38.15 125 me Oe) 42.97 40.19 10.7 0.37 

14 37.67 ao cians 43.52 40.70 10.4 0.36 

18 B72 =220 125.3 44.06 41.20 10.0 0.34 

Mp) 36.77 26 145.3 44.60 41.70 9.6 0.31 

26 36.34 2:6 ar De) 45.12 42.19 92 0.29 


30 35.94 =f at#2).5 45.63 42.67 8.6 0.26 


Date 


Feb. 


Apr. 


May 


June 


JUPITER, 2009 E73 
EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° TERRESTRIAL TIME 
Sub-Earth Point Sub-Solar Point North Pole 
fe) (e) (e) ° // (eo) // [e) 
142.10 ae LG 138.07 — 0.94 spl IS) 259.49 = Ilssyll 346.76 
23123 Seles 19.78 —0.92 +0.98 259.37 = 15:26 346.40 
264.36 OD 261.49 — 0.90 +0.82 259.33 — 15.22 346.05 
145.51 = ROS 143.23 — 0.88 +0.65 259.44 = LSth9 345.69 
26.67 sii (001 24.98 — 0.86 +0.48 259.86 — 15:16 345.34 
267.84 = 0197, 266.75 — 0.84 +0.31 261.11 — 15,14 344.99 
149.02 0,93) 148.53 ea OS +0.14 266.12 1) 1} 344.64 
30.22 — 0.89 30.34 — 0.80 +0.04 38.05 — 15,13 344.30 
271.44 SNS) 272.16 TONS +0.20 68.91 — 15.14 343.96 
152.68 — 0.80 153.99 —0.75 sO Bi7/ TATA = 15.16 343.63 
33.93 = 0:76 35.84 0:73 +0.54 72.58 =o LSS 343.30 
275.21 = 05/2 HST — (7/1 +0.71 72.89 —NS.22 342.98 
156.51 (67 159.60 — 0.69 +0.88 72.98 = NS XG 342.67 
37.83 — 0.63 41.50 — 0.67 +1.05 72.95 = lisraul 342.37 
279.18 (Nore 283.42 — 0.65 spl vil 72.86 = S37 342.07 
160.55 — 0.54 165.35 — 0.63 +1.38 72.73 — 15.44 341.78 
41.95 — 0.49 47.30 — 0.61 +1.55 72.58 == Spy? 341.50 
283.38 — 0.45 289.26 — 0.59 tele Zl 72.42 — IS 0) 341.23 
164.84 — 0.40 171.24 — 0.56 +1.87 72.26 — 135269 340.97 
46.32 — 0.36 53.23 = 0.54 +2.03 72.09 == tO) 340.72 
287.84 (35h 295.24 0.52) +2.19 71.92 = (sey! 340.48 
169.39 SPT NGOS = 0:50 PBI) WES — 16.03 340.25 
50.97 == i) 2) 59.28 — 0.48 0 71.59 —= 166 340.02 
292.59 —0.18 301.33 — 0.46 +2.65 71.43 — Ip) 339.81 
174.24 == (13) 183.38 — 0.44 aa) 71.28 — 16.44 339.61 
55.93 — 0.09 65.44 — 0.41 +2.93 71.14 — 16:59) 339.42 
297.65 — 0.05 307.51 — 0.39 +3.07 71.01 ONO: 339.23 
179.41 0.00 189.59 — (0) 27/ +3.20 70.88 — 116193 339.06 
61.21 + 0.04 71.68 — 035 +3.33 70.76 a Life 338.90 
303.04 + 0.08 SS a = 0).33) +3.45 70.66 ar 193K) 338.75 
184.92 + 0.12 195.87 13 +3.56 70.56 ae Gao) 338.61 
66.84 fe OMG 77.98 = (fe +3.66 70.48 + 17.70 338.48 
308.80 + 0.20 320.09 — 0.26 oS 70.40 ae) 19/ SW 338.37 
190.80 0.23 202.20 = (0.24 +3.84 70.34 +) 18.14 338.26 
72.84 fe OL 84.31 — [N29 +3.91 70.29 + 18.36 338.16 
314.93 + 0.30 326.43 ='0;20 +3.97 70.25 + 18.60 338.07 
197.06 + 0.34 208.54 —0.18 +4.01 70.22 + 18.84 338.00 
79.23 3 Way 90.66 =A) Ns) +4.04 70.21 + 19.08 337.93 
321.45 + 0.40 332.77 —= 0,13 +4.06 70.21 “ey L938 337.88 
203.72 + 0.43 214.87 == Oli +4.06 70.22 + 19.58 337.84 
86.03 + 0.45 96.97 — 0.09 +4.03 70.25 + 19.84 337.80 
328.38 + 0.48 339.06 — 0.07 +3.99 70.30 + 20.09 337.78 
210.77 + 0.50 221.15 — 0.05 +3.92 70.37 am PAUSES: 337. Ud 
93.21 + OS2 103.23 — 0.02 +3.84 70.45 + 20.60 SSL 
335.68 + 0,54 345.29 0.00 p38) 70.56 + 20.85 337.78 
218.20 ac (O55 227.34 + 0.02 +3,59 70.68 so PARIKO) 337.81 
100.75 + 0.56 109.38 + 0.04 +3.43 70.84 21.33 337.84 
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Date 


July 


Aug. 


Sept. 


Oct. 


Nov. 


JUPITER, 2009 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0" TERRESTRIAL TIME 


// 1 


ar OKs: 
POS 
+ 5.3 
1 Oe 
a ke. 


AP Oke: 
ta. 3 
aP Oke: 
eho 
15.3 


Te Oye: 
ar Oe 
ae Oke: 
qP 8: 
eo 


eS).3 
ae ee 
15.3 
IPole 
ious 


5.3 
a aye: 
Fie Oke: 
aE Oe: 
OS 


aoe 
qe One) 
ae See: 
qe: 
1g eee: 


a Ae, 
4 RS) 
aoe, 
ae Oye) 
ae Oke: 


ERR 
+e Oye! 
qe} 
3 a 
Gao, 


35.3 
von 
aves, 
+ 5.3 
awake: 


aos) 
5 ke 


46.11 
46.58 
47.01 
47.41 
47.77 


48.09 
48.37 
48.59 
48.76 
48.88 


48.94 
48.94 
48.88 
48.77 
48.60 


48.38 
48.11 
47.79 
47.43 
47.03 


46.59 
46.13 
45.64 
45.13 
44.61 


44.08 
43.54 
42.99 
42.44 
41.90 


41.36 
40.84 
40.32 
39.81 
3932. 


38.84 
38.38 
317.98 
37.50 
37.09 


36.70 
36.33 
35.98 
35.65 
35,35 


35.04 
34.77 


43.12 
43.55 
43.96 
44 33 
44.67 


44.97 
45.23 
45.44 
45.60 
45.71 


45.76 
45.76 
45.71 
45.61 
45.45 


45.24 
44.99 
44.69 
44.35 
43.98 


43.57 
43.14 
42.68 
42.21 
41.72 


41.22 
40.71 
40.20 
39.69 
39.18 


38.68 
38.19 
37.70 
3728 
36.77 


36.32 
35.89 
35.47 
35.07 
34.69 


34.32 
33197 
33.64 
3383 
33.04 


S207 
3251 


Phase 
Angle 
fe) 


Defect of 
Illumination 


1 


Date 


July 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


Sub-Earth Point 


(e} 
343.34 
225.96 
108.60 
391023 
233.97 


116.67 
359.38 
242.10 
124.82 

Sz 


250.21 
132.88 

15.53 
258.14 
140.71 


23.24 
26oni 
148.14 

30.50 
272.81 


155.06 
37.24 
21939 
161.40 
43.39 


285.31 
167.16 

48.95 
290.69 
172.36 


53.98 
295.54 
177.06 

58.52 
299.94 


181.32 
62.66 
303.96 
185.24 
66.48 


307.69 
188.88 

70.05 
311.20 
19233 


73.46 
314.57 


ye ee ee eee ee SE eee ee vepede ee 


t++ett+ 


JUPITER, 2009 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° TERRESTRIAL TIME 


[e} 
351.41 
233.42 
115.41 
357.38 
239.33 


121.27 
3.18 
245.07 
126.93 
8.77 


250.59 
13259 

14.16 
255.90 
137.62 


9332 
261.00 
142.66 

24.29 
265.90 


147.50 
29.08 
270.64 
SZ a9 
33.72 


275.24 
156.75 

38.26 
2191S 
161.24 


42.72 
284.20 
165.68 

47.16 
288.63 


170.11 
Sill soe) 
293.08 
174.57 
56.07 


SOU 
179.09 

60.61 
302.14 
183.68 


65.24 
306.80 


++ +44 


eet 


t++tttt +++ 


+++44 


+ + 


The 
+3.24 
+3.03 
+219 
+2.53 
AD 


+1.93 
+1.61 
+1.26 
+0.91 
POSS) 


+0.19 
+0.23 
+0.59 
+0.95 
a rillasitt 


+1.65 
+1.98 
+2.28 
TQ T 
+2.83 


+3.06 
Toe, 
+3.46 
+£3.61 
oS: 


+3.85 
BESO 
+3.99 
+4.03 
+4.04 


+4.04 
+4.02 
+3.98 
+3.93 
+3.86 


+3.78 
+3.69 
+3,58 
+347 
13) )5) 


{Poe} 
+3.09 
+2.95 
+2.81 
+2.66 


{ep 
SPR) 


Sub-Solar Point 


E75 


North Pole 


" 
21.56 
Paley 
21.98 
PIT ANG| 
22.34 


22.49 
22.61 
PP) DD 
22.80 
22.85 


22.88 
22.88 
22.86 
22.80 
22.72 


22.62 
22.49 
22.34 
NA 
21.99 


21.78 
PUNT 
21.34 
ZLELO 


+ 20.86 


20.61 
20.36 
20.10 
19.85 
LOSS) 


19.34 
19.09 
18.85 
18.61 
18.38 


18.16 
17.94 
WGaihs) 
i/ns)s) 
17.34 


17.16 
16.99 
16.82 
16.67 
16.52 


16.38 
16.26 


B76 SATURN, 2009 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° TERRESTRIAL TIME 


Date Light-time | Magnitude | , aes - Aerie 
m " " ° " 

Jan. m3 P29 a= Id) 1 U0 18.33 16.54 5.8 0.05 
1 74.87 a Y) + 7.0 18.46 16.65 Se 0.04 

5 74.35 +0.9 + 6.9 18.59 16.77 5.5 0.04 

9 73.85 +0.9 pow 18.72 16.88 5.4 0.04 

13 WI) +0.9 +69 18.84 16.99 Onl 0.04 

17 72:91 +0.9 + 6.9 18.96 17.10 4.9 0.03 

21 72.47 +0.8 + 6.9 19.07 17.20 4.6 0.03 

2S) 72.06 +0.8 +69 19.18 17.30 4.3 0.03 

29 71.68 +0.8 + 6.9 19.28 17239) 4.0 0.02 

Feb. 2 71.33 +0.7 + 6.9 19.38 17.48 yf! 0.02 
6 71.01 OM) ap Oy 19.46 17.56 3.3 0.02 

10 70.73 +0.7 + 6.8 19.54 17.63 2.9 0.01 

14 70.48 +0.7 +68 19.61 17.69 ple 0.01 

18 70.27 +0.6 + 6.8 19.67 VTi eh 0.01 

2p) 70.09 +0.6 +68 19.72 17.79 1.7 0.00 

26 69.96 +0.6 + 6.8 19.76 17.82 1.3 0.00 

Mar. 2 69.87 +0.5 + 6.7 19.78 17.85 0.8 0.00 
6 69.82 +0.5 Ow) 19.80 17.86 0.4 0.00 

10 69.82 +0.5 + 6.7 19.80 17.86 0.3 0.00 

14 69.85 +0.5 tOn/ Ky) 17.85 0.6 0.00 

18 69.93 +0.5 + 6.8 19.77 17.84 il 0.00 

22 70.04 OS + 6.8 19.73 17.81 iS 0.00 

26 70.20 +0.6 + 6.8 19.69 LIE 19 0.01 

30 70.39 +0.6 + 6.8 19.64 N7aR2 2.4 0.01 

Apt. 3 70.63 +0.6 + 6.8 1957 17.66 2.8 0.01 
7 70.89 +0.6 | + 6.9 19.50 17.59 S12 0.01 

11 71.20 +0.6 +69 19.41 17.52 a5 0.02 

15 Teo +0.7 + 6.9 19.32 17.44 3.9 0.02 

19 71.90 +0.7 + 6.9 19°22 17.35 4.2 0.03 

23 72.29 OM + 6.9 19.12 17.26 4.5 0.03 

2 T2A2 +0.7 + 6.9 19.01 17.16 4.8 0.03 

May 1 73.16 +0.8 + 6.9 18.89 17.05 Stl 0.04 
5 73.63 +0.8 +6.9 18.77 16.94 S35 0.04 

9 74.12 +0.8 a TAY 18.65 16.83 55 0.04 

13 74.62 +0.8 ta -0 18.52 16.72 Sf 0.04 

17 75.14 +0.8 a JiAo) 18.40 16.60 5.8 0.05 

21 75.617 +0.9 + 7.0 18.27 16.49 6.0 0.05 

25 76.21 +0.9 + 7.0 18.14 16.37 6.1 0.05 

29 76.75 +0.9 a HAD 18.01 16.25 6.1 0.05 

June 2 77.30 +0.9 + 7.0 17.88 16.14 6.2 0.05 
6 77.85 +0.9 + 7.0 17.75 16.02 6.2 0.05 

10 78.41 +1.0 17.0 17.63 15.91 6.2 0.05 

14 78.96 +1.0 + 7.0 soll 15.80 6.1 0.05 

18 79.50 +1.0 +7.0 17.39 15.69 6.1 0.05 

ppp) 80.04 +1.0 + 7.0 Wee 15.58 6.0 0.05 

26 80.57 +1.0 +7.0 17.15 15.48 519 0.04 


30 81.09 +1.0 + 7.0 17.04 15.38 5.8 0.04 


o} 


Feb. 


Apt. 


May 


June 


352.22 
352.36 
352.50 
352.64 
352.78 


352892. 
353.06 
353.19 
353.33 
353.47 


353.61 
353515 
353.89 
354.02 
354.16 


354.30 
354.44 
354.58 
354.71 
354.85 


354.99 
Seas) 
355.26 
355.40 
355.54 


355.68 
355.82 
395.95: 
356.09 
356.23 


356.37 
356.50 
356.64 
356.78 
356.92 


357.05 
Spy al’) 
357.33 
357.46 
357.60 


357.74 
357.88 
358.01 
358.15 
358229 


358.42 
358.56 
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Sub-Earth Point 


Lat. 


Sub-Solar Point 


IGUAL 
111.50 
LES. 
110.84 
110.41 


109.89 
109.24 
108.39 
107.21 
105.44 


102.46 
96.30 
76.98 

354.81 

315.34 


305.95 
302.00 
299.81 
298.41 
297.43 


296.69 
296.11 
295.64 
295.25 
294.91 


294.62 
294.36 
294.13 
295092 
293/83 


293099) 
293.39 
293.24 
293.10 
292.97 


292.84 
ZOD: 
292.60 
292.48 
292.36 


2925 
2923, 


Epl 


North Pole 


PA. 


E78 SATURN, 2009 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° TERRESTRIAL TIME 


Date Light-time | Magnitude Sehine : Eee 
m " ° " 

July 4 81.60 a Jicdl sta /AO) 16.94 15.28 5.6 0.04 
8 82.09 srl tae] 0 16.84 1539 5.4 0.04 

12 82.57 stale + 6.9 16.74 15.10 DZ 0.03 

16 83.02 4° + 6.9 16.65 15.02 5.0 0.03 

20 83.46 1 + 6.9 16.56 14.94 4.8 0.03 

24 83.88 sal tl + 6.9 16.48 14.87 4.5 0.03 

28 84.28 seo + 6.9 16.40 14.80 4.3 0.02 

Aug. i 84.65 “Ee 6,9 16.33 14.73 4.0 0.02 
@) 84.99 tle s059 16.26 14.67 SEP 0.02 

9 85.31 te 11 +619 16.20 14.62 3.4 0.01 

13 85.61 ste lel +; 6:9 16.15 14.56 3.1 0.01 

il 85.87 amllall + 6.8 16.10 14.52 0.01 

21 86.11 ct Wel + 6.8 16.05 14.48 225 0.01 

DS 86.32 sell + 6.8 16.01 14.44 1 0.01 

29 86.49 veda + 6.8 15.98 14.42 8 0.00 

Sept. 7 86.64 val + 6.8 15,95 14.39 1.4 0.00 
6 86.75 Pill + 6.8 15.93 14.37 et 0.00 

10 86.83 ar dlyitt + 6.8 15.92 14.36 0.7 0.00 

14 86.88 =tp bel tOn/, Sil 14.35 0.4 0.00 

18 86.89 salle +36; 7 15,91 14.35 0.2 0.00 

22 86.87 arial! 3687, vOut 14.35 0.4 0.00 

26 86.82 +1.1 + 6.8 15.92 14.36 0.8 0.00 

30 86.74 sual ell + 6.8 15.93 14.37 1.1 0.00 

Oct. 4 86.62 aralal + 6.8 15.96 14.39 i 0.00 
8 86.48 ar th + 6.8 15.98 14.42 0.00 

12 86.30 sid ell + 6.8 16.02 14.45 Ip) 0.01 

16 86.09 1G 1 + 6.8 16.06 14.49 215 0.01 

20 85.84 style + 6.9 16.10 14.53 2.8 0.01 

24 85.57 se al + 6.9 16.15 14.57 3.1 0.01 

28 85.27 stl ol + 6.9 16.21 14.63 3.4 0.01 

Nov. 1 84.94 ar ht 1H OLO 16.27 14.68 3a 0.02 
5 84.59 ch el +36:9 16.34 14.75 4.0 0.02 

9 84.20 #1 + 6.9 16.41 14.81 4.3 0.02 

13 83.80 Hele + 6.9 16.49 14.89 4.5 0.03 

17 83.37 ara) 0,9 16.58 14.96 4.8 0.03 

21 82.92 +1.0 + 6.9 16.67 15.04 5.0 0.03 

oS 82.45 +1.0 an AY) 16.76 153 D2 0.03 

29 81.96 +1.0 stay 20) 16.86 LSe22 5.4 0.04 

Dec 3 81.45 +1.0 45.7.0 16.97 15,82 Sy) 0.04 
7 80.94 +1.0 + 7.0 17.08 15.41 5.7 0.04 

11 80.41 +1.0 + 7.0 17.19 L552 5.8 0.04 

15 79.87 +1.0 ct AO) 1730 15.62 oy 0.04 

19 19132 +1.0 stew AO) 17.42 NS S76) oi 0.05 

2B} 78.77 +09 + 7.0 iow 15.84 6.0 0.05 

27 78.22 +0,9 AO) 17.67 15.95 6.0 0.05 

31 77.67 +0.9 Cea /A0: 17.80 16.06 oo 0,05 


Date 


Aug. 


Sept. 


Oct. 


Nov. 


211 


2.65 


PES) 


3.33 


3.47 


4.15 
4.28 
4.42 
4.55 
4,69 


4.82 
4.96 


Sub-Earth Point 


t++t+tt+t 


++ett+ 


+ 


Lat. 
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Sub-Solar Point 


t++ette Fttee +FtHet 


+++ + 


eames ea 


+ + 


+ +++ + 


b+ ++ 


25 


t++H+et 


++ 


E79 


North Pole 


E80 


Date 


Jan. 


Feb. 


Apr. 


May 


June 


July 


Aug. 


Sept. 


Oct. 


Nov. 


m 


169.71 
171.01 
172.20 
173.24 
174.10 


174.76 
175.20 
175.40 
175.38 
IUefsyailes} 


174.66 
173.98 
7Bollal 
172.07 
170.90 


169.62 
168.27 
166.89 
165.50 
164.16 


162.89 
161.74 
160.74 
159,92 
Sail 


158.93 
158.79 
158.90 
159.26 
159.86 


160.68 
161.70 
162.87 
164.18 
165.56 


166.99 
168.42 
169.81 


URANUS, 2009 
EPHEMERIS FOR PHYSICAL OBSERVATIONS 


FOR 0° TERRESTRIAL TIME 


Equatorial 


Diameter 


3.45 


Bro!) 


3:35 


S815) 


3.36 


3.46 


hho// 


3.60 


3.68 


3.69 


3.67 


3.05 


3.54 
3.51 


3.45 


4.69 


S12 


3) PY 


5.76 


6.19 


6.29 


6.72 


6.83 
7.26 


7.36 


7.90 


8.11 


Sub-Earth 
Lat. 


(e) 
+ 1.56 
+ 1.88 
IA 
she! 
SS) 


OL 
+ 4,34 
+ 4.93 
ORS 
+ Ould 


+ 6.67 
“SA 
+ 7.69 
+ 8.13 
+ 8.51 


+ 8.82 
+ 9.05 
+ 9.20 
+9.27 
+ 9.26 


+9.16 
+ 8.99 
+ 8.74 
+ 8.44 
+ 8.08 


+ 7.69 
+ 7.28 
+ 6.87 
+ 6.47 
+ 6.10 


+ 5.78 
+552 
Ho 
O25 
| 


+ 5.28 
+ 5.44 
+ 5.69 


North Pole 
Dist. PA. 
// ° 
+ 1.69 254.61 
+ 1.67 254.59 
+ 1.66 254.56 
OS 254.53 
+ 1.64 254.50 
+ 1.64 254.47 
OS 254.44 
+ 63 254.41 
+ 1.63 254.39 
+ 1.63 254.36 
+ 1.63 254.34 
1 1.63 254.33 
+ 1.64 254.32 
+ 1.65 254.30 
+ 1.66 254.30 
3a! Ly 254.29 
+ 1.68 254.29 
led 254.28 
ara DATA 254.28 
onl 22 254.28 
ee 254.28 
=D) 254.28 
calla © 254.29 
a 254.29 
Laps 254.30 
+ 1.79 254.31 
al 79 254.32 
+ 1.79 254.33 
SIE TAS) 254.34 
+ 1.78 254.36 
+41.77 254.37 
lar 254.38 
+1.75 254.39 
call 4 254.40 
+ 1.72 254.40 
sr eyAll 254.39 
+ 1.69 254.39 
+ 1.68 254.38 


m 


Jan. 


Apr. 


May 


June 


July 


Aug. 


Sept. 


Oct. 


Nov. 


3) 


255.63 
256.54 
257.24 
PEE | 
257.96 


257.96 
PPS eI? 
239-25 
256.57 
255.69 


254.63 
253.44 
252.14 
250.77 
249.36 


247.97 
246.62 
245.35 
244.21 
243.22 


242.41 
241.82 
241.45 
241.32 
241.43 


241.79 
242.38 
243.19 
244.19 
245.35 


246.64 
248.02 
249.44 
250.87 
252.26 


253.58 
254.77 
255.80 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0" TERRESTRIAL TIME 


Phase Sub-Earth 
Angle Lat. 


+8.0 
+8.0 


NEPTUNE, 2009 


Equatorial 
Diameter 


2.30 


PLIES, 


2.24 


277. 91 
278.03 
278.09 
278.15 
278.21 


278.27 
278.33 
278.39 
278.45 
278.51 


278.57 
278.63 
278.69 
278.75 
278.81 


278.87 
278.93 
278.99 
279.05 
ATM 


279.16 
WS SPD 
279.28 
279.34 
279.40 


279.46 
279.52 
279.58 
279.64 
279.70 


279.76 
279.82 
279.88 
279.94 
280.00 


280.06 
280.12 
280.18 


= nt 92 
Sie) 
— 28.90 
— 28.88 
— 28.86 


— 28.84 
ey! 
— 28.80 
— 28.78 
SSNS 


SPITS 
SRI 
— 28/0 
— 28.68 
— 28.67 


25.67), 
ESS 
= 28:67 
ae) SLO 
— 28.68 


28:09 
IPS TAD 
— 28 
PRS 
= 28.15 


= PIG 
— 2S, 
eva’) 
— SIN) 
— 28.80 


— 28.80 
— 28.80 
— 28.80 
— 28.80 
PRS) 


= 28578 
SP If 
— 28.76 


E81 
North Pole 
| Dist. | PA. 
ie} 
(3 96 339.18 
— 0.96 338.93 
— 0.96 338.67 
— 0.96 338.39 
— 0.96 338.10 
— 0.96 337.81 
— 0.96 S803 
— 0.96 337.25 
— 0.96 337.00 
— 0.96 336.76 
— 0.97 336.55 
— 0.97 336.38 
— 0.98 336.24 
— 0.98 336.14 
— 0.99 336.08 
— 1.00 336.06 
EkOO 336.08 
SSO 336.13 
= 101 8360123 
=O 336.36 
= 1.02 336.51 
1.02 336.69 
= 1.02 336.89 
1.02 337.09 
OD 337.30 
ol 2) 337.50 
= 1:02 337.68 
=S ill 337.85 
= IO 337.98 
= 1.00 338.08 
0) 338.15 
— 0.99 338.17 
— 0.99 338.14 
— 0.98 338.08 
— 0.98 337.97 
— 0.97 337.82 
— 0.97 337.64 
— 0.96 337.42 


E82 PLUTO, 2009 


EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0° TERRESTRIAL TIME 


Sub-Earth Point 
Date Light-time | Magnitude ee Te Nong ni pe 
z m ° ° ° 

Jan. = 270.67 +14.1 0.3 230.45 63.67 
9 270.40 +14.1 0.6 230.51 63.40 

19 269.90 +14.1 0.8 230.58 63.15 

29 269.19 +14.0 hil 230.64 62.92 

Feb. 8 268.28 +14.0 1.3 230.70 62.71 
18 267.21 +14.0 tes 230.76 PPA) — 43.64 62.53 

28 266.00 +14.0 1.6 230.82 64.95 — 43.83 62.38 

Mar. 10 264.70 + 14.0 (sy 230.88 268.71 — 43.98 62.27 
20 263.34 + 14.0 1.8 230.94 112.44 — 44.08 62.20 

30 261.97 +14.0 1.8 231.00 316.14 — 44.14 62.17 

Apr. 9 260.62 +14.0 Ned 231.06 159.80 — 44.15 62.18 
19 259.34 + 14.0 1.6 23 eI 3.43 — 44.11 62.23 

29 258.16 + 14.0 1S 231.18 207.03 — 44.03 62.31 

May 9 ASST MA +14.0 13 231.24 50.60 — 43.90 62.42 
19 256.26 +13.9 itil 231.30 254.14 — 43.74 62.56 

29 255.60 +13.9 0.8 231.36 97.67 a 43.55 62.72 

June 8 255.16 +13.9 0.5 231.42 301.17 — 43.34 62.89 
18 254.94 +13.9 0.3 231.48 144.67 — 43.10 63.06 

28 254.97 ctalSho) 0.2 231.54 348.16 — 42.87 63.23 

July 8 255.25 +13.9 0.5 231.60 191.65 — 42.63 63.39 
18 DOOD air S}5) 0.8 231.66 BS) — 42.40 63.54 

28 256.47 +13.9 1.0 23172 238.66 — 42.20 63.67 

Aug. 7 257.40 +14.0 ig 231.78 82.18 — 42.01 63.77 
17 258.49 +14.0 1S 231.84 285.73 — 41.86 63.84 

27 259173 + 14.0 1.6 231.90 129.30 ++ 41-75 63.88 

Sept. 6 261.08 +14.0 Li 231.96 332.89 — 41.68 63.89 
16 262.50 +14.0 1.8 232.02 176.51 — 41.66 63.85 

26 263.95 + 14.0 1.8 232.08 20.17 — 41.68 63.78 

Oct. 6 265.39 + 14.0 1.8 232.14 223.85 — 41.75 63.67 
16 266.79 +14.0 ile9/ 232.20 67.56 — 41.87 63.53 

26 268.09 +14.0 12S 232.26 271.30 — 42.03 63.35 

Noy. 5 269.26 +14.1 1.4 232.32 115.07 — 42.23 63.14 
15 270.28 +141 itil 232.38 318.87 — 42.46 62.91 

25 271.11 +14.1 0.9 232.44 162.69 — 42.73 62.65 

Dec. 5 PAN GSS +14.] 0.6 23250 6.53 — 43.02 62.38 
15 272.13 +14.1 0.3 232.56 210.38 — 43,32 62.10 

DS 272.28 +14.1 0.2 232.62 54.25 — 43.63 61.81 


35 ZT2 NG +14.1 0.3 232.68 258.12 — 43.95 61.52 


PLANETARY CENTRAL MERIDIANS, 2009 E83 
FOR 0° TERRESTRIAL TIME 


Jupiter 


Date Mars Saturn 
System I 
ie) (eo) (eo) (eo) ° 

Jan. 0 248.32 94.51 194.98 232.94 88.04 
1 238.54 252.16 345.00 2310268 178.91 
2 228.75 49.81 135.02 173.51 269.77 
3 218.97 207.45 285.03 323.79 0.64 
4 209.18 5.10 75.05 114.08 91.51 
5 199.39 162.75 225.07 264.36 182.38 
6 189.60 320.40 15.09 54.65 27325 
if 179.81 118.05 165.11 204.94 4.12 
8 170.02 275.70 Sul ysI13} 355.22 94.99 
9 160.23 WB 3S 105.15 145.51 185.87 
10 150.43 231.00 Deysyes ial 295.80 276.74 
11 140.64 28.65 45.20 86.09 7.62 
12 130.84 186.31 195.22 236.38 98.49 
13 121.04 343.96 345.24 26.67 189.37 
14 111.24 141.61 IS 5K2a 176.96 23025 
15 101.43 299.27 285.29 ST) PP5) ills} 
16 91.63 96.93 75.32 155 102.01 
17 81.82 254.58 225,35 267.84 192.89 
18 72.01 52.24 15.38 58.13 283.77 
19 62.20 209.90 165.40 208.43 14.65 
20 52.39 7.56 315.43 358.73 105.53 
21 42.57 165.22 105.47 149.02 196.42 
22 32.76 322.88 255.50 299.32 287.30 
23 22.94 120.55 45.53 89.62 18.18 
24 132 278.21 195.56 239.92 109.07 
25) 3.29 75.88 345.60 30.22 199.95 
26 353.47 233.54 135.64 180.53 290.84 
27 343.64 S21 285.67 330.83 Dies 
28 333.81 188.88 Tee: 121.14 112.61 
29 323.98 346.55 225.75 271.44 203.50 
30 314.15 144.22 15.79 61.75 294.39 
31 304.31 301.89 165.83 212.06 221 
Feb. 1 294.48 99.56 315.88 Dror 116.16 
vy 284.64 257.24 105.92 152.68 207.05 
3 274.79 54.91 255.97 302.99 297.93 
4 264.95 212.59 46.01 93.30 28.82 
5) 255.10 1027 196.06 243.62 119.71 
6 245.25 167.95 346.11 33.93 210.60 
i 235.40 325.63 136.16 184.25 301.48 
8 22595 123.31 286.21 334.57 6237 
9 215.69 280.99 76.27 124.89 123.26 
10 205.83 78.68 226.32 Qo 2 214.14 
11 195.97 236.36 16.38 65.53 305.03 
12 186.10 34.05 166.43 215.86 35.92 
13 176.24 191.74 316.49 6.18 126.80 
14 166.37 349.43 106.55 156.51 217.69 


15 156.50 147.12 256.61 306.84 308.57 


E84 


Date 


Feb. 


Apr. 


PLANETARY CENTRAL MERIDIANS, 2009 
FOR 0° TERRESTRIAL TIME 


eo} 
147.12 
304.82 
102.51 
260.21 
SO 


215.61 

13.31 
171.01 
328.71 
126.42 


284.13 
81.84 
239.55 
37.26 
194.98 


352.69 
150.41 
308.13 
105.85 
263.57 


61.30 
219.03 
16.76 
174.49 
33222 


12995 
287.69 
85.43 
243.17 
40.91 


198.65 
356.40 
154.15 
311.90 
109.65 


267.40 
65.16 
224.92 
20.68 
178.44 


336.21 
133.97 
291.74 

89.51 
247.29 


45.06 
202.84 


(eo) 
256.61 
46.68 
196.74 
346.81 
136.88 


286.95 
77.02 
227.09 
17.16 
167.24 


S172 
107.40 
257.48 

47.56 
197.64 


347.73 
137.82 
287.91 

78.00 
228.09 


18.18 
168.28 
318.38 
108.48 
258.58 


48.69 
198.79 
348.90 
139.01 
289.12 


79.24 
229135 
19.47 
169.59 
31997 


109.83 
259.96 

50.09 
200.22 
350.35 


140.48 
290.62 
80.76 
230.90 
21.04 


171.18 
SPIES) 


PLANETARY CENTRAL MERIDIANS, 2009 E85 
FOR 0" TERRESTRIAL TIME 


Date Mars inpiter Saturn 
fe} eo} o) e) 1) 

Apr. 1 69.89 45.06 171.18 233.41 77:25 
D 59.93 202.84 B21k33 23.82 168.07 
3 49.96 0.62 111.48 174.24 258.89 
4 40.00 158.40 261.63 324.66 349.71 
5) 30.04 316.19 51.79 115.08 80.52 
6 20.07 113.97 201.94 265.50 171.34 
7 10.11 271.76 352.10 55.93 262M 
8 0.14 69.55 142.26 206.35 352.95 
9 350.18 DIY BS) 292.42 356.78 83.76 
10 340.21 25.14 82.59 147.21 174.56 
11 330.25 182.94 232.76 297.65 265.36 
12 320.28 340.74 22.93 88.08 356.16 
13 310.32 138.54 173.10 238.52 86.96 
14 300.35 296.35 828271 28.96 AAS) 
15 290.39 94.16 113.45 179.41 268.55 
16 280.42 251.96 263.63 329.85 359.34 
17 270.46 49.78 53.81 120.30 90.12 
18 260.50 207.59 203.99 270.75 180.91 
19 250.53 5.41 354.18 61.21 271.69 
20 240.57 163.23 144.37 211.66 2.47 
21 230.61 321.05 294.56 DAD 93.25 
MM, 220.65 118.87 84.76 152.58 184.03 
23 210.70 276.70 234.95 303.04 274.80 
24 200.74 74.53 25215 93.51 5.58 
25 190.78 232.36 17535 243.98 96.34 
26 180.83 30.20 325.56 34.45 187.11 
oA 170.88 188.03 115.76 184.92 277.88 
28 160.92 345.87 265.97 335.40 8.64 
29 150.97 143.72 56.18 125.87 99.40 
30 141.03 301.56 206.40 276.35 190.16 
May 1 131.08 99.41 356.61 66.84 280.92 
2 121.14 257.26 146.83 ONT SD 11.67 
8 LA a9 55014 297.05 7.81 102.42 
4 101.25 212.97 87.28 158.30 193.17 
5 91.31 10.82 237.51 308.80 283.92 
6 81.38 168.68 27.74 99.29 14.66 
if 71.44 326.55 177.97 249.79 105.41 
8 61.51 124.41 328.20 40.29 196.15 
9 51.58 282.28 118.44 190.80 286.89 
10 41.65 80.15 268.68 341.31 17.62 
11 31-73 238.03 58.92 131.81 108.36 
12 21.80 35.90 209.17 282.33 199.09 
13 11.88 193.78 359,42 72.84 289.82 
14 1.96 351.66 149.67 223,36 20.55 
15 352.05 149,55 299.92 13.88 111.28 
16 342.14 307.43 90.18 164.40 202.00 


9 332.22 105,32 240.44 314.93 29212 


E86 


Date 


May 


June 


July 


PLANETARY CENTRAL MERIDIANS, 2009 
FOR 0° TERRESTRIAL TIME 


Jupiter 
ae 


System II System II] 


Lo} 
105.32 
263%22 

61.11 
219.01 
16.91 


174.81 
SBA? 
130.63 
288.54 

86.46 


244.37 

42.29 
200.22 
358.14 
156.07 


314.00 
111.94 
269.87 

67.81 
2255/6 


23.70 
181.65 
339.60 
137.55 
295.51 


93.47 
251.43 
49.39 
207.36 
5.33 


163.30 
SPP 
119.25 
D123 

75.21 


233.20 

31.18 
189.17 
347.16 
145.16 


303.15 
101.15 
2595 

57.16 
215.16 


NUS 
171.18 


ie) 
240.44 
30.70 
180.96 
Saks 
121.50 


271.77 
62.05 
INDI: 
2.61 
152.89 


303.18 
93.47 
243.76 
34.06 
184.36 


334.66 
124.96 
Zila: 

65.57 
215.89 


6.20 
156.52 
306.84 

97.16 
247.49 


37.81 
188.14 
338.48 
128.81 
219s 


69.49 
219.84 
10.18 
160.53 
310.88 


101.24 
251.59 

41.95 
197731 
342.68 


133.04 
283.41 
73.78 
224.15 
14.53 


164.9] 
315.28 


ie) 
314.93 
105.46 
235999 
46.52 
197.06 


347.60 
138.14 
288.69 

928 
229.79 


20.34 
170.89 
321.45 
112.02 
262.58 


S315 
203.72 
354.29 
144.87 
295.44 


86.03 
236.61 
27.20 
LS 
328.38 


118.97 
269.57 
60.17 
210.77 
1.38 


151.98 
302.59 
OB 2 
243.82 
34.44 


185.06 
335.68 
126.31 
276.94 

6s, 


218.20 

8.83 
159.47 
310.11 
100.75 


251.40 
42.04 


Date 


July 


Aug. 


PLANETARY CENTRAL MERIDIANS, 2009 
FOR 0° TERRESTRIAL TIME 


E87 


Jupiter 
~ 


System II System ITI 


ie) 
13a, 
171.18 
329119 
127.21 
285.22 


83.24 
241.26 
39.28 
197.30 
355.33 


S835) 
311.38 
109.41 
267.44 

65.47 


228551 

21.54 
179.58 
337.61 
135.65 


293.69 
91.73 
249.77 
47.81 
205.85 


3.89 
161.94 
319.98 
118.02 
276.06 


74.11 
232.15 
30.19 
188.24 
346.28 


144.32 
302.36 
100.40 
258.44 

56.48 


214.52 

12.55 
170.59 
328.62 
126.66 


284.69 
82.72 


ie) 
164.91 
315.28 
105.67 
256.05 
46.43 


196.82 
347.21 
137.60 
287.99 

78.39 


228.78 

19.18 
169.58 
319.98 
110.38 


260.78 

Sy hall) 
201.59 
352.00 
142.41 


292.82 
83.23 
233.64 
24.05 
174.46 


324.87 
115.28 
265.69 

56.11 
206.52 


356.93 
147.34 
297.76 

88.17 
238.58 


28.99 
179.40 
329.81 
120.22 
270.63 


61.04 
211.45 
1.85 
152.26 
302.66 


93.06 
243.46 


(o} 
251.40 
42.04 
192.69 
343.34 
133.99 


284.65 
75.30 
225.96 
16.62 
167.28 


317.94 
108.60 
25921 

49.94 
200.61 


351.28 
141.95 
292.62 

83.29 
23391 


24.64 
175.32 
325.99 
116.67 
267.35 


58.03 
208.71 
359.38 
150.06 
300.74 


91.42 
242.10 
32.78 
183.46 
334.14 


124.82 
275.49 
66.17 
216.85 
7.52 


158.20 
308.87 
99.54 
250.21 
40.88 


191755 
342.22 


E88 


Date 


Aug. 


Sept. 


Oct. 


PLANETARY CENTRAL MERIDIANS, 2009 


FOR 0° TERRESTRIAL TIME 


Jupit 
upiter writ 
System I System II 


(e} 
82.72 
240.75 
38.78 
196.80 
354.82 


152.85 
310.86 
108.88 
266.90 

64.91 


222,92 

20.93 
178.93 
336.93 
134.93 


292,93 
90.92 
248.91 
46.90 
204.88 


2.86 
160.84 
318.82 
116.79 
274.75 


2p 
230.68 
28.63 
186.59 
344.54 


142.48 
300.42 
98.36 
256.30 
54.23 


PAV ANS) 

10.07 
167.99 
325.91 
123.82 


281.72 
79.62 
232, 
35.42 
193.31 


351.19 
149.07 


eo} 
243.46 
33.86 
184.26 
334.65 
125.05 


275.44 
65.83 
216.21 
6.60 
156.98 


307.36 
97.74 
248.11 
38.49 
188.86 


339)22 
129159 
2195 

70.30 
220.66 


11.01 
161.36 
311.70 
102.04 
252.38 


42.71 
193.04 
343.37 
133.70 
284.01 


74.33 
224.604 
14.95 
165.26 
315.56 


105.85 
256.15 

46.43 
196.72 
347.00 


137.28 
287.55 
77.82 
228.08 
18.34 


168.60 
318.85 


System III 


° 
342.22 
132.88 
283.55 

74.21 
224.87 


15253 
166.18 
316.84 
107.49 
258.14 


48.79 
199.43 
350.07 
140.71 
29V39 


81.98 
232.61 
23.24 
173.86 
324.48 


115.10 
265.71 

56.32 
206.93 
357.54 


148.14 
298.73 
89.33 
29992, 
30.50 


181.09 
331.67 
122.24 
272.81 

63.38 


213.94 
4.50 
155.06 
305.61 
96.15 


246.70 

37.24 
187.77 
338.30 
128.83 


279,35 
69.87 


Date 


Oct. 


da WN me ee 


NW 


PLANETARY CENTRAL MERIDIANS, 2009 
FOR 0° TERRESTRIAL TIME 


° 
149.07 
306.95 
104.82 
262.69 

60.56 


218.42 

16.27 
174.13 
331.98 
129.82 


287.66 
85.50 
243.33 
41.16 
198.98 


356.81 
154.62 
312.44 
110.24 
268.05 


eo} 
318.85 
109.10 
259.34 
49.58 
199.82 


350.05 
140.27 
290.50 

80.72 
230.93 


21.14 
17435 
321.55 
111.75 
261.95 


52.14 
202.33 
352.51 
142.69 
292.87 


83.04 
233.21 
23.37 
173.53 
323.69 


113.84 
263.99 

54.14 
204.28 
354.42 


° 
69.87 
220.39 
10.90 
161.40 
311.90 


102.40 
252.90 

43.39 
193.87 
344.35 


134.83 
285.31 
75.78 
226.24 
16.70 


167.16 
317.62 
108.07 
258.51 

48.95 


199.39 
349.83 
140.26 
290.69 

81.11 


23853 

ZALOS 
172.36 
32294. 
113.18 


263.58 

53.98 
204.37 
354.77 
145.16 


295.54 
85.93 
236.31 
26.68 
177.06 


327.43 
117.80 
268.16 

58.52 
208.88 


E89 


Saturn 


E90 


Date 


PLANETARY CENTRAL MERIDIANS, 2009 
FOR 0° TERRESTRIAL TIME 


Jupit 
Satur 


System II System III 


eo} 
207.48 
Syl) 
162.90 
320.61 
118.32 


276.02 
Wei? 
231.42 
29.12 
186.81 


344.51 
142.19 
299.88 

Orsi 
255.25 


52.93 
210.61 
8.29 
165.97 
323.64 


121.31 
278.98 
76.65 
234.32 
S98 


189.65 
347.31 
144.97 
302.63 
100.29 


297,95 
55.60 
213.26 
10.91 
168.56 


326.21 
123.86 
281.51 

79.16 
236.80 


34.45 
192.10 
349.74 
147.38 
305.03 


102.67 
260.31 


° 
26.31 
176.39 
326.47 
116.55 
266.63 


56.70 
206.77 
356.84 
146.91 
296.97 


87.04 
237.10 
27.16 
177.21 
327.27 


117.32 
267.37 

57.42 
207.46 
Seal 


147.55 
ZIT SD 
87.63 
237.67 
27.70 


177.74 
327.77 
117.80 
267.83 

57.86 


207.89 
Spy CP 
147.94 
297.96 

87.99 


238.01 

28.03 
178.05 
328.07 
118.08 


268.10 

58.12 
208.13 
358.14 
148.16 


298.17 
88.18 


(e} 
149.59 
299.94 

90.29 
240.64 
30.98 


181.32 
331.66 
122.00 
Apes 

62.66 


21299 
332 
153.64 
303.96 
94.29 


244.60 

34.92 
185.24 
335.55 
125.86 


276.17 
66.48 
216.78 
7.09 
157239 


307.69 
97.99 
248.29 
38.59 
188.88 


339.18 
129.47 
279.76 

70.05 
220.34 


10.63 
160.91 
311.20 
101.48 
Zoleaien 


42.05 
1927235 
342.62 
132.90 
283.18 


73.46 
22318 


SATELLITES OF THE PLANETS AND PLUTO, 2009 


CONTENTS OF SECTION F 


Basic orbital data 
Basic physical and photometric data 
Satellites of Mars 


ATL EX eX ow Gtiterential (COORGIM ALES 5 a. 2.0)<..c cs ceed eee ane 
XL, MAO: ditterentialicdordinatese!. £1. .....dc.Pb. Ae hacs ne caausPeoeeeee 
ELV .superiot ScOCen thc, CONIUNCU ONS 2.2.00.3<s5-apecpsstaee-e sce -toeteee pee ete 
lV sococentnic phienomienar a. ..dc biti loom avec are -onccvanncce rem e name 
FIV SOC CULUING SALTS. <.aeamareccst thse cies queens cp deatese aopneonsevege die seen Re Meare eat ates 
FIV SECM psi Palys <P CAS. ts. oon MOAT. 25... ee etter chiens Gamer eee 
RATS, OL Sati cee ccc teese aps gee CeO Roo Aap vo tthe oa denon co Meer csc ee ea 


Satellites of Saturn 


DX: ditteremtial COOnGIMATSS Ree ccc cscs Seto c tess ter Mec tomas cate ose eee renee 


Rings and Satellites of Uranus 


Tiderametsatel tes)... RATA stce acnos MEO. Boe otiss MeewBhcame ho cake came ete tenaees 
1221 1p pe eh ace Ter eign», Eom RR RTS i 2 SER ANS ERS SPs o 
Mimesreflongation (satellites) ...,....805. 2 5..devsherattacatadessteon sconce aaeeatoes vanes 


Satellites of Neptune 


Le hiimesioee] ON Paton ye AE BM, 2.0.2. <.c0dtee tees ntens <debboceancans cto s cases gse Mee eeee aa 


Satellite of Pluto 


TPO Memes meee e ese e reese eae ee eee eee ee reese esses eH EOE OHHH EEE EEE EEE EE Ses eee Eee esses eeeseseseseEseee 


The satellite ephemerides were calculated using AT = 66 seconds. 


This symbol indicates that these data or auxiliary material 
Wy may also be found on The Astronomical Almanac Online 
at http://asa.usno.navy.mil and http://asa.hmnao.com 


el 


Fo 

Satellite 
Earth 
Moon 
Mars 
I Phobos 
Il Deimos 
Jupiter 
I Io 
Il Europa 
Il Ganymede 
IV Callisto 
Vv Amalthea 
VI Himalia 
VII Elara 
Vill Pasiphae 
Ix Sinope 
x Lysithea 
XI Carme 
Xi Ananke 
XI Leda 
XIV Thebe 
XV Adrastea 
XVI Metis 
XVII Callirrhoe 
XVIII  Themisto 
XIX Megaclite 
XX Taygete 
XXI Chaldene 
XXII Harpalyke 
XXII Kalyke 
XXIV __Iocaste 
XXV Erinome 
XXVI___[sonoe 
XXVII_ Praxidike 
XXVIII Autonoe 
XXIX  Thyone 
XXX ~~ -Hermippe 
XXXI__ Aitne 
XXXII Eurydome 
XXXII Euanthe 
XXXVI Sponde 
XXXVII Kale 
XXXIX Hegemone 
XLI Aoede 
XLUI Arche 
XLV Helike 
XLVI = Carpo 
XLVI Eukelade 
Saturn 
i! Mimas 
II Enceladus 
I Tethys 
IV Dione 
V Rhea 
VI Titan 
vil Hyperion 
Vill Iapetus 
IX Phoebe 
xX Janus 
XI Epimetheus 
XII Helene 
XII Telesto 


SATELLITES: ORBITAL DATA 


Max. Elong. Inclination of Motion of 
Orbital Period} at Mean Semimajor Orbital Orbit to Node on 
(R = Retrograde) [Opposition Axis Eccentricity Planet’s Equator | Fixed Plane? 
d Chel x 103 km | ° ° yt 
27.321 661 384.400 0.054 900 489 18.28-28.58 19.347 
0.318 910 203 1; 9.380 0.015 1 1.075 158.8 
1.262 440 8 OZ; 23.460 0.000 2 1793 6.260 
1.769 137 786 2 18 421.8 0.004 1 0.036 48.6 
3.551 181 041 3 40 671.1 0.009 4 0.466 12.0 
7.154 552 96 5) Bul 1 070.4 0.001 3 0.177 2.63 
16.689 018 4 10 18 1 882.7 0.007 4 0.192 0.643 
0.498 179 05 1 00 181.4 0.003 2 0.380 914.6 
250.56 1 02 39 11 461 0.162 3 27.496 524.4 
259.64 1 04 11 11 741 0.217 4 26.627 506.1 
743.63 R 2 09 06 23 624 0.409 0 151.431 185.6 
758.90 R 2 10 49 23 939 0.249 5 158.109 181.4 
259.20 1 04 03 ili, 0.112 4 28.302 506.9 
7T34.17R 2 07 54 23 404 025338 164.907 187.1 
629.77 R hor i 9/ 21 276 0.243 5 148.889 DN See, 
240.92 1.01 02 11 165 0.163 6 27.457 545.4 
0.675 it al3) 221.9 0.017 6 1.080 
0.298 42 129.0 0.001 8 0.054 
0.295 42 128.0 0.001 2 0.019 
758.77 R my il 43 24 103 0.282 9 147.167 
130.02 39 49 7 284 0.242 8 43.254 
752.86 R 2 08.23 23 493 0.419 8 152.766 
732.41 R 2 07 14 23 280 0325275 165.268 
POH 2 06 15 23 100 0.252 1 165.190 
623.32 R 1 54 00 20 858 0.226 9 148.644 
742.06 R 2 08 20 23 483 0.247 1 165.179 
631.60 R 506 21 060 O28 149.425 
728.46 R 2 06 46 23 196 0.266 4 164.936 
726.23 R 2 06 33 23: 155 0.247 1 165.272 
625.39 R 1 54 16 20 908 0.231 1 148.975 
760.95 R 2 11 24 24 046 0.316 8 152.416 
627.21 R 1 54 27 20 939 0.228 6 148.509 
633.90 R io) 29 2013 0.209 6 150.725 
730.18 R 2006 57 PEBY DOD) 0.264 3 165.091 
TTBS 2 04 58 22 865 0.275 9 150.274 
620.49 R 1 53 40 20 797 0.232 1 148.910 
748.34 R 2 Wer P| 23 487 0.312 1 150.998 
729.47 R 2 06 53 23 207 0.259 9 164.996 
739.88 R 2008 51 phe reo fT! 0.339 6 154.186 
761.50 R Ae MOE 23 980 0.431 1 158.260 
731.95 R- 2 107 38 23 35D 0.249 6 165.017 
626.32 R 559109 21 069 0.150 6 154.853 
456.30 li eye Pailoy 17 058 0.431 6 51.628 
730.47 R 207 29 23 328 0.263 4 165.240 
0.942 421 813 30 185.54 0.019 6 DS a2. 365.0 
1.370 217 855 38 238.04 0.004 7 0.009 156.28 
1.887 802 160 48 294.67 0.000 1 1.091 T2259 
2.736 914 742 1 Ol 377.42 0.002 2 0.028 30.858 
4.517 500 436 125 527.07 0.001 0 0.331 10.16 
15.945 420 68 Sag, 221887 0.028 8 0.280 0.52138 
21.276 608 8 4 02 1 500.88 0.027 4 0.630 
79.330 182 5 9°35 3 560.84 0.028 3 TST 
550.31 R 34 51 12 947.78 0.163 5 174.7519 
0.695 24 151.46 0.006 8 0.165 
0.694 24 151.41 0.010 0.35 
PISS 1 Ol 377.42 0.000 0 0.213 
1.888 48 294.71 0.000 0 ee 


1 
; Sidereal periods, except that tropical periods are given for satellites of Saturn. 
Rate of decrease (or increase) in the longitude of the ascending node. 


3 


4,3 = Synchronous, rotation period same as orbital period. C = Chaotic. 
//(Stn)i=—267/5 


; V(1, 0) is the visual magnitude of the satellite reduced to a distance 
; of 1 au from both the Sun and Earth and with phase angle of zero. 


Vo is the mean opposition magnitude of the satellite. 


SATELLITES: PHYSICAL AND PHOTOMETRIC F3 
Sidereal Geometric 
Satellite Mass Radius Period of Albedo B-V|U-B 
(1/Planet) Rotation? (V)4 
km d 
Earth 
Moon 0.012 300 02 1737.4 S 0.11 0.92 0.46 
Mars 
if Phobos 1.672 10-8 13.4 x 11.2 x 9.2 S 0.07 0.6 
Il Deimos 2.43 x 10-9 Te eto: 5.2) S 0.068 0.65 0.18 
Jupiter 
I lo 4.704 10-5 1829x1819 x1816 S 0.62 1.68 ap ond) iil 1.30 
II Europa 2.528x 10-5 1562 Ss) 0.68 1.41 Beso 0.87 0.52 
Ill Ganymede 7.805x 10-5 2632 S 0.44 2.09 + 4.6 0.83 0.50 
IV Callisto 5.667x 10-5 2409 S 0.19 — 1.05 aR ON, 0.86 0.55 
Vv Amalthea 1.10 x 10-9 125 x 73 x 64 S 0.09 ar (3 +14.1 1.50 
VI Himalia Doh, EN 85 0.40 0.03 ae fil +14.8 0.67 0.30 
VU Elara 40 0.03 +10.0 +16.6 0.69 0.28 
Vill Pasiphae 18 : 0.04 : +.9.9 aril gpa 0.74 0.34 
Ix Sinope 14: 0.548 0.04 : +11.6 +18.6 0.84 
x Lysithea 1s 0.533 0.04 : sr luteal +18.5 0.72 
XI Carme SY 0.433 0.04 : +10.9 +18.6 0.76 
XI Ananke LOR 0.35 0.04 : +11.9 +19.5 0.90 
XII Leda a6 0.04 : “il S}e5) +20.2 0.7 
XIV Thebe 58 x 49 x 42 S 0.047 + 9.0 +16.0 13} 
XV Adrastea 10x 8x7 0.05 : +12.4 +18.7 
XVI Metis 22 0.061 +10.8 TUS 
XVII Callirrhoe eae 0.06 : +13.9 +21.4 0.72 
XVIII Themisto Di: 0.06 : +12.9 +20.3 0.83 
XIX Megaclite oe 0.06 : arly eel 0.94 
XX Taygete 2s 0.06 : +15.6 NN!) 0.56 
XxI Chaldene ese 0.06 : leh SDS) 
XXII Harpalyke ON: 0.06 : TS. = 2D) 
XXII Kalyke De 0.06 : aril) 3} ORS 
XXIV _ __Iocaste De 0.06 : “gl lS).3) ILS) 0.63 
XXV Erinome ilssy 0.06 : +16.0 +22.8 
XXVI___Isonoe kes: 0.06 : +15.9 225 
XXVII_ ~Praxidike 2D: 0.06 : stl, +22.5 0.77 
XXVIII Autonoe leoy: 0.06 : +15.4 +22.0 
XXIX  Thyone VS 0.06 : lS. ORS 
XXX -Hermippe Dis 0.06 : sells) +22 
XXXI__Aitne lea) 0.06 : +16.1 ell 
XXXII Eurydome ui 0.06 : +16.1 sell 
XXXII Euanthe (Rares 0.06 : +16.2 +22.8 
XXXVI Sponde Nis 0.06 : +16.4 +23.0 
XXXVII Kale ile 0.06 : +16.4 +23.0 
XXXIX Hegemone lesz 0.04 : sells) +22.8 
XLI Aoede Des 0.04 : +15.8 TODS 
XLII = Arche oe 0.04 : +16.4 +22.8 
XLV Helike De: 0.04 : +16.0 12216 
XLVI Carpo Payer 0.04 : +15.6 +23.0 
XLVII_ Eukelade Die 0.04 : +15.0 122.6 
Saturn 
I Mimas 6.600x 10-8 207 x 197 x 191 3) 0.6 athe +12.8 
II Enceladus DA) ali) al 257 x 251 x 248 S 1.0 a PO) +11.8 0.70 0.28 
Il Tethys 1.09 x 10-6 540 x 531 x 528 S 0.8 a OW +10.3 0.73 0.30 
IV Dione 1 OD ea lOmee 562 S 0.6 + 0.88 +10.4 OWA 0.31 
Vv Rhea 406 x 10-© 764 N) 0.6 + 0.16 + 9.7 0.78 0.38 
VI Titan 2.366 10-4 Date S 0.2 — 1.20 + 8.4 1.28 0.75 
VII Hyperion 1.00 x 10-8 164 x 130 x 107 (€ 0.25 + 4.6 +14.4 0.78 0.33 
VIII Iapetus SITS Ss 736 S 0,2 1° SERS +11.0 0.72 0.30 
Ix Phoebe 1.454x 10-8 107 0.4 0.081 + 6.63 alloys 0.63 0.34 
Xx Janus 3.363x 10-9 97 x 95 x 77 S 0.6 Peale +14.4 
XI Epimetheus | 9.33 x 10~—1° 69 x 55 x 55 S 0.5 an eae +15.6 
XII Helene 16 0.6 + 3.4 ; +18.4 
XII Telesto boyy el PAS ye s/s) 0.7 + 8.9: +18.5 


“Motion on the ecliptic plane. 
Rate of increase in the longitude of the apse. 
, Measured from the ecliptic plane. 
1, Bright side, 0.5; faint side, 0.05. 
Measured relative to Earth’s J2000.0 equator. 
: Quantity is uncertain. 


F4 SATELLITES: ORBITAL DATA 
Max. Elong. Inclination of Motion of 
Satellite Orbital Period + at Mean Semimajor Orbital Orbit to Node on 
(R = Retrograde) Opposition Axis Eccentricity | Planet’s Equator | Fixed Plane? 
d aes x103 km = OU 
Saturn 
XIV Calypso 1.888 48 294.71 1.47 
XV Atlas 0.602 22 137.67 0.01 
XVI Prometheus 0.613 23 139.38 0.006 
XVII Pandora 0.629 23 141.72 0.004 2 0.052 
XVIII Pan 0.575 22 133.58 0.000 2 0.007 
XIX Ymir 1315.14R LOZ OI 23 040.00 0.334 9 LIBa25 
KX Paaliaq 686.95 40 55 15 200.00 0.363 0 45.084 
XXI Tarvos 926.23 46 24 17 983.00 0.530 5 33.827 
XXII ljiraq 451.42 RNS) 11 124.00 0.316 4 46.448 
XXIV Kiviug 449.22 30 35 11 365.00 0.328 9 45.708 
XXVI__Albiorix 783.45 43 33 16 182.00 0.477 0 34.208 
XXIX — Siarnaq 895.53 47 11 17 531.00 0.296 0 46.002 
Uranus 
I Ariel Peal 0 B19 35 14 190.90 0.001 2 0.041 6.8 
II Umbriel 4.144 177 2 20 266.00 0.003 9 0.128 3.6 
Il Titania 8.705 871 7 33 436.30 0.001 1 0.079 2.0 
IV Oberon 13.463 238 9 44 583.50 0.001 4 0.068 1.4 
Vv Miranda 1.413 479 25 10 129.90 0.001 3 4.338 19.8 
Ix Cressida 0.463 659 60 5 61.80 0.000 4 0.006 DSi, 
Xx Desdemona 0.473 649 60 2) 62.70 0.000 1 0.113 244 
XI Juliet 0.493 065 49 5) 64.40 0.000 7 0.065 222 
Xi Portia UST3s WO Op? 3) 66.10 0.000 1 0.059 203 
Xi Rosalind 0.558 459 53 5 69.90 0.000 1 0.279 166 
XIV Belinda 0.623 527 47 6 530 0.000 1 0.031 129 
XV Puck 0.761 832 87 if 86.00 0.000 1 0.319 81 
XVI Caliban S/S I 9 08 7 231.00 0.158 7 140.8819 
XVII Sycorax 1288.30 R 155 28 12 179.00 0.522 4 159.4049 
Neptune 
I Triton 5.876 854 1R 17 354.800 0.000 016 156.834 0.5232 
I Nereid 360.135 38 4 22 5 513.400 OSL 2 7.232 0.039 
Vv Despina 0.334 655 2) 52.526 0.000 2 0.064 466 
VI Galatea 0.428 745 3) 61.953 0.000 0 0.062 261 
VII Larissa 0.554 654 3 73.548 0.001 4 0.205 143 
Vill Proteus 1.122 316 6 117.647 0.000 5 0.026 28.80 
Pluto 
I Charon 6.387 23 1 OES ial 0.000 0 96.145 11 


; Sidereal periods, except that tropical periods are given for satellites of Saturn. 
Rate of decrease (or increase) in the longitude of the ascending node. 

» = Synchronous, rotation period same as orbital period. C = Chaotic. 

. v(Sun) = —26.75 


V1, 0) is the visual magnitude of the satellite reduced to a distance 
s of 1 au from both the Sun and Earth and with phase angle of zero. 


Vo is the mean opposition magnitude of the satellite. 


iS} 


3 


A Note on the Satellite Diagrams 


The satellite orbit diagrams have been designed to assist observers in locating many of the short- 
er period (< 21 days) satellites of the planets. Each diagram depicts a planet and the apparent orbits of 
its satellites at 0 hours UT on that planet’s opposition date, unless no opposition date occurs during the 
year. In that case, the diagram depicts the planet and orbits at 0 hours UT on January 1 or December 31 
depending on which date provides the better view. The diagrams are inverted to reproduce what an ob- 
server would normally see through a telescope. Two arrows or text in the diagram indicate the apparent 
motion of the satellite(s); for most satellites in the solar system, the orbital motion is counterclockwise 
when viewed from the northern side of the orbital plane. In the case of Jupiter and Uranus, the diagram 
has an expanded scale in one direction to better clarify the relative positions of the orbits. 


SATELLITES: PHYSICAL AND PHOTOMETRIC DATA 


Satellite 
Saturn 
XIV Calypso 
XV Atlas 
XVI Prometheus 
XVII Pandora 
XVIII Pan 
XIX Ymir 
XX Paaliaq 
XXI Tarvos 
XXII ~— Sjiraq 
XXIV Kiviug 
XXXVI Albiorix 
XXIX = Siarnaq 
Uranus 
I Ariel 
II Umbriel 
Ill Titania 
IV Oberon 
V Miranda 
IX Cressida 
x Desdemona 
XI Juliet 
XII Portia 
XI Rosalind 
XIV Belinda 
XV Puck 
XVI Caliban 
XVII Sycorax 
Neptune 
I Triton 
Il Nereid 
W. Despina 
VI Galatea 
VII Larissa 
Vill Proteus 
Pluto 
I Charon 


Mass 
(1/Planet) 


10mR1% 
10-19 
10-10 
10-12 


x xX K XK 


Oe 
Loe. 
NOs 
i= 
NO=% 


KOK REX 


2.089x 10-4 


0.1165 


F5 
Sidereal Geometric 
Radius Period of Albedo V(1,0)® K® B-V | U-B 
Rotation? (V)4 
km d 
15 x8x8 1.0 an) +18.7 
18.5%17.2x13.5 0.4 + 8.4 +19.0 
74 x 50 x 34 S 0.6 + 6.4 +15.8 
55 x 44 x 31 S 0.5 + 6.4 +16.4 
10 (sine +19.4 
Sa: 0.06 : +12.4 +22.4 | 0.56 
sy 2 0.06 : +11.8 ae Oia. 
6: 0.06 : +12.6 a Oa (S7/7/ 
Sie 0.06 : +13.6 +22.6 
hae 0.06 : are 22.) || O87 
Se: 0.06 : +20.5 
16: 0.06 : +10.7 +20.4 | 0.80 
DSI Se 7S S 0.39 ae adi “34 || OES 
585 S 0.21 ap 6) +14.0 | 0.68 
789 S 0.27 am Iles) S05 | OO 0.28 
761 S 0.23 oe des) 13.2 5) 0168 0.20 
240 x 234 x 233 S 0.32 =r aS) ar l5}53) 
Bil 0.07 : + 9.5 oil 
27 0.07 : + 98 Seales) 
42 0.07 : + 8.8 +20.6 
54 0.07 : ar ths) +19.9 
Da 0.07 : + 9.8 es 
33 0.07 : + 9.4 +21.0 
el. 0.07 : ae eS) Oe 
30: 0.07 : + 9.7 +22.4 
60 : 0.07 : + 8.2 +20.8 
1353 S 0.756 — 1.2 SAO) | Oh 0.29 
170 0.155 + 4.0 +19.2 | 0.65 
74 0.06 a RY) +22.0 
719 0.06 ar Heoy 2 +22.0 
104 x 89 0.06 + ded +21 
218 x 208 x 201 S 0.06 AF SO +20.0 
605 S 0.372 + 0.9 +18.0 | 0.71 


“Motion on the ecliptic plane. 
Rate of increase in the longitude of the apse. 
Measured from the ecliptic plane. 
tf Bright side, 0.5; faint side, 0.05. 
Measured relative to Earth’s J2000.0 equator. 
: Quantity is uncertain. 


A Note on selection criteria for the satellite data tables 


Due to the recent proliferation of satellites associated with the gas giant planets, a set of selec- 
tion criteria has been established under which satellites will be included in the data tables presented 
on pages F2-F5. These criteria are the following: The value of the visual magnitude of the satellite 
must not be greater than 23.0 and the satellite must be sanctioned by the IAU with a roman numeral 
and a name designation. Satellites that have yet to receive IAU approval shall be designated as 
“works in progress” and shall be included at a later time should such approval be granted, provided 
their visual magnitudes are not dimmer than 23.0. A more complete version of this table, including 
satellites with visual magnitude values larger than 23.0, is to be found at The Astronomical Almanac 
Online (http://asa.usno.navy.mil and http://asa.hmnao.com). “Wy 


F6 


Vertical Offset (arcseconds) 


SATELLITES OF MARS, 2009 
APPARENT ORBITS OF THE SATELLITES AT 0h UT ON DECEMBER 31, 2009 


-40 


NAME 


I Phobos 
II Deimos 


20 
Horizontal Offset (arcseconds) 


40 


Il DEIMOS 


SIDEREAL PERIOD 
d 


0.318 910 203 
1.262 440 8 


UNIVERSAL TIME OF GREATEST EASTERN ELONGATION 


Mar. 


June 


d h 
114.8 
2 2Ne1 
4 03.5 
5 09.9 
6 16.3 


if ail 
9 05.1 
10 11.5 
11 17.8 
13 00.2 


14 06.6 
sy HELO) 
16 19.4 
18 01.8 
19 08.2 


20 14.6 
21 21.0 
23,0323 
24 09.7 
25 16.1 


26 22.5 
28 04.9 
29 es 
30 17.7 


7 17.4 
8 23.7 
10 06.1 
UIDs) 
12 18.9 


14 01.3 
15 07.7 
16 14.1 
17 20.4 
19 02.8 


20 09.2 
21 15.6 
VIIA) 
24 04.3 
Pay AOU 


Zou Te 
GEL 3.9 
29 05.9 
30022 
31 18.6 


db 
2 01.0 
3 07.4 
4 13.8 
S2051 
WOES 


808.9) 711.4 
DiN'5:3 |i Suli7e8 
10 21.6 | 10 00.2 
12 04.0} 11 06.5 
13 10.4 | 12 12.9 


14 16.8 | 13 19.3 
sprit) Nes (Oe) 
17 05.5 | 16 08.0 
18 11.9} 17 14.4 
LO TS33| VS 2067 


21 00.6 | 20 03.1 
22 07.0 | 21 09.5 
23 13.4 | 22 15.8 
ON AS ial sree) 
26 02.1 | 25 04.6 


27 08.5 | 26 10.9 
28 14.9 | 27 17.3 
PETIA ODS) Px fl 


PS PLEIE 
30 05.6 


SATELLITES OF MARS, 2009 
I PHOBOS 


UNIVERSAL TIME OF EVERY THIRD GREATEST EASTERN ELONGATION 


————=T 


June July Aug. 


Sept. 


; Feb. Mar. 
a ih d| th d oh 
ONO7-1 1 202) FY 14:6 


7, NSE 
3 18.2 
4 17.2 
5 16.1 


6 15.1 
7 14.1 
8 13.1 
ONO 
10 11.0 


11 10.0 
12 09.0 
13 07.9 
14 06.9 
sy see 


16 04.9 
1710339 
18 02.8 
19 01.8 
20 00.8 


20 23.8 
PW IDEA 
DONT 
23920) 7 
24 19.7 


25 18.6 
26 17.6 
27 16.6 
28 15.6 


2 13.5 
BulI2S 
4 11.5 
S105 


6 09.4 
7 08.4 
8 07.4 
9 06.4 
10 05.3 


11 04.3 
12 03.3 
S025 
14 01.3 
15 00.2 


e232 
16 22.2 
Lp2aee: 
18 20.2 
ORION 


20 18.1 
PA AUTEN 
22 16.1 
23) 1530 
24 14.0 


25 13.0 
26 12.0 
27 AO 
28 09.9 
29 08.9 


30 07.9 
31 06.9 


d h 
1 12.4 
2 11.4 
3 10.4 
4 09.4 
5 08.3 


6 07.3 
7 06.3 
8 05.3 
9 04.3 
10 03.2 


11 02.2 
127012 
13 00.2 
13P235l 
14 22.1 


LSy 2s 
16 20.1 
17 19.0 
18 18.0 
OTT EO 


20 16.0 
21 14.9 
22S 
230129 
24 11.9 


25 10.8 
26 09.8 
27 08.8 
28 07.8 
29 06.7 


30 05.7 


d sb 
1 04.7 
ZeOB ei 
3 02.6 
4 01.6 
5 00.6 


5 23.6 
6 22.5 
HAMS 
8 20.5 
ONS! 


10 18.4 
11 17.4 
12 16.4 
13 15.4 
14 14.3 


Wey ers) 
16 12.3 
Lieileles 
18 10.2 
19 09.2 


20 08.2 
ZO T EL 
22 06.1 
23 05.1 
24 04.1 


25 03.0 
26 02.0 
27 01.0 
28 00.0 
Psy Opies) 


ey a tee) 
30 20.9 
SII) 


d & 
1 10.0 
2 08.9 
S079 
4 06.9 
5 05.8 


6 04.8 
7 03.8 
8 02.8 


9 01.7 
10 00.7 


LOR 3a 
Wee 
EZ EG 
13 20.6 
14 19.6 


HSB Sis 
16 17.5 
17 16.5 
SEUSS 
19 14.4 


20 13.4 
21 12.4 
23 
23 10.3 
24 09.3 


25 08.3 
26 07.2 
27 06.2 
28 05.2 
29 04.1 


30 03.1 


1-O2.1 
POW 
3 00.0 
3 23.0 
4 22.0 


5 20.9 
6 19.9 
7 18.9 
SuGeS 
9 16.8 


10 15.8 
11 14.8 
WEIS 7 
Ns iee7 
14 11.7 


15 10.6 
16 09.6 
17 08.6 
18 07.6 
19 06.5 


20 05.5 
21 04.5 
22 03.4 
23 02.4 
24 01.4 


25 00.4 
25 23.3 
2622.3 
PHY Mee 
28 20.2 


Domo 
30 18.2 
Silleed 


FY 


1 08.1 
ADT! 
3 06.0 
4 05.0 
5 04.0 


6 02.9 
LOWS 
8 00.9 
8 23.8 
9 22.8 


10 21.7 
11 20.7 
ONT 
13 18.6 
14 17.6 


15 16.6 
16 15.5 
17 14.5 
18 13.4 
19 12.4 


20 11.4 
21 10.3 
22093 
23 08.3 
24 07.2 


25 06.2 
26 05.1 
27 04.1 
28 03.1 
29 02.0 


30 01.0 
50289 
S122 
S21E8 


F8 SATELLITES OF JUPITER, 2009 


APPARENT ORBITS OF SATELLITES I-IV AT 0h UT ON THE DATE OF 
OPPOSITION, AUGUST 14 


Vertical Offset (arcseconds) 
fo) 


Satellite Motions are Counterclockwise 


N 


-600 -400 -200 (0) 200 400 600 
Horizontal Offset (arcseconds) 


Orbits elongated in ratio of 1.5 to 1 in the North-South direction. 


NAME MEAN SYNODIC PERIOD NAME SIDEREAL PERIOD 
a> he m s d d 
Vv Amalthea 0 1157 27.619= 0.498 236 33 XII Leda 240.92 
i Io 1 18 28 35.946= 1.769 860 49 x Lysithea 259.20 
II Europa 3 13 17 53.736= 3.554 094 17 XII Ananke 629.77 R 
Il Ganymede 7 03 59 35.856= 7.166 387 22 XI Carme 734.17R 
IV Callisto 16 18 05 06.916 = 16.753 552 27 VUl Pasiphae 743.63 R 
VI Himalia 266.00 Ix Sinope 758.90 R 
VI Elara 276.67 


V AMALTHEA 


UNIVERSAL TIME OF EVERY TWENTIETH GREATEST EASTERN ELONGATION 


it 
d h d h d h 
9 10.3 Aug. 28 03.0 Nov. 15 20.1 
19 09.4 Sept. 7 02.1 25193 
29 08.5 17 01.2 Dec 5 18.5 
9 07.6 27 00.3 Ise Wah 
19 06.7 Oct. 6 23.4 251O9 
2950557) 16 22.6 35 16.1 
8 04.8 26 21.7 
18 03.9 Nov. 5 20.9 


eee COOCa 


SATELLITES OF JUPITER, 2009 F9 
DIFFERENTIAL COORDINATES FOR 0! U.T. 
—— 
Dae VI Himalia VII Elara Date VI Himalia VII Elara 
Aa Ad Aa Ad Aa Ad Aa Ad 
mM Tis } in’ 7s we oe bike 6 / m $s / 
Jan. —3 | — 159 + 164 | +114 + 0.7 | July 4 | + 3 32 + 17.4 | + 3 46 — 13.3 
1 — 212 + 15.4 | + 103 + 2.1 8 | + 3 30 + 20.8 | + 405 -— 12.1 
5 || 2 24 + 14.2 | +052 +) a3.5 12; | 33) 25 + 23.8 | + 421 — 10.8 
9. | =22-35 + 12.9 ]}+040 + 49 16, | e317 § se 26:5) | e+ 4 35 - 94 
13 | =2 45 + 11.4 | + 029 + 6.2 20 | +305 + 28.8 | + 447 - 79 
079 | Sasa + 98 | +017 + 7.4 24 )+249 + 30.7 | + 457 — 64 
21 | —301 + 8.1 | +005 + 8.6 IAS | ae 92 33i| + 32.1) +504 —- 49 
25 | — 308 + 63 | —007 + 9.6 | Aug. 1 210) = 33:1 e509 -— 34 
29 | —- 313 + 44 /}-020 + 106 5) | le46ree et 33:6 aero Om seals 
Feb. 2) | 283 18 45 eh \ — (0) Sy) + 11.4 9 | +121 + 33.7 | + 509 - 03 
6 | -— 321 + 04 }-044 + 12.2 13) |) E0853 3323) Wet 506) eee 12 
10 | — 3 23 - 16 ]-056 + 12.8 GA |) ce (0) 25) +325 |+500 + 2.6 
14 | -— 3 25 — 3.7 | — 108 + 13.3 21 | -004 +313 | + 451 + 41 
Seas 25 Spee, | — 20a) 253s O82 +298 | +440 4+ 54 
22 | — 324 —- 7.8 | — 132 + 13.9 29 | - 101 +279 | +426 + 6.8 
26 | — 322 —- 98 | — 1 43 + 14.0 | Sept. Ze — 128 + 25.8 | +411 + 8.0 
Mar. 2 | -319 =f LieS | — 1) 54" Se 13:9 6: |= S44 23 5 3 53 + 93 
6) | c=a315 — 13.8 | — 205 + 13.7 10) S219 DOME 335 + 10.4 
10 | — 310 — 15.7 | —2 14 + 13.2 14 | -241 +184 )4+314 + 11.5 
14 | — 304 — 174 | — 223 + 12.6 18 | — 302 + 15.7 | + 2 53 + 12.5 
LSA =" 2 Si — 19.1 | — 232 + 11.8 22 |-—-320 +12.9 | +231 + 13.5 
22 | — 248 — 20.7 | — 239 + 10.9 26 | —-336 +101 |) +209 #£+ 143 
26: || ==) 39 — 222 |-244 + 97 30 | =—~349 + 7.2 |)+146 + 15.1 
30 | — 229 — 23.5 | — 2 49 + 8.4 | Oct. 4}-400 + 44 | +123 + 15.8 
Apr. 3 | —218 — 24.6 | — 2 52 + 6.9 8 | — 408 + 16 | + 100 + 16.5 
7 | —205 — 25.6 | — 252 + 5.3 12 /-414 —- 1.1 | + 038 + 17.0 
Li \= =e Ss2 =126,31|'— 251 + 3.5 16 | —418 - 38 |+016 +174 
15 | — 138 — 26.9 | — 2 48 + 1.7 20 |-419 —- 64 | —- 006 + 17.7 
19 | — 122 — 27.22 | —242 - 03 24 |-419 —- 88 | —-026 + 17.9 
23 | — 106 = 27.2)" —234 — 23 28 | —417 — 112 | -046 +4179 
27 | - 049 — 27.0 | — 2 24 — 43 | Nov. 1 | —412 - 134 ])]-104 4+ 4178 
May l -— 031 -— 265 | -—211 -— 63 5 | - 407 — Oma lei + 17.6 
5 | -—012 — 25.6 | -— 1 56 — 8.2 9 | - 3 59 -— 17.5 | -— 138 + 17.2 
9 | +007 — 24.5 | — 139 - 99 13° || = 351 — 194 | -— 1 53 + 16.7 
13 | + 026 — 23.1 |} —119 — 11.6 17 | — 3 41 — 210 | —-206 + 16.0 
17 | + 046 — 21.3 | — 058 — 13.0 21) 93°30) = 2254) — 218 + 15.2 
21 | + 106 — 19.2 | -— 0 36 — 14.3 25) e035. AIS — 23.8 | -— 229 + 14.2 
25 | + 1 26 — 16.8 0 12 — 15.3 29 | -— 3 05 — 249 | — 238 + 13.0 
29 | + 146 — 14.2 | +013 — 16.1 Dec 3 | — 252 = 25:8 le 2°45 + 11.8 
June 2 | +204 — 11.2 | + 038 — 16.7 TA 2737 — 266 | — 251 + 10.3 
6 | + 222 -— 8.0 | + 103 — 17.0 Hdl, olf, 2, 33 eA || = 2 OD + 8.8 
10 | +239 —- 45 | +129 — 17.1 1S e207 — 274 | — 257 + 7.1 
14 | +254 - 0.9 | + 154 — 16.9 OS 1S =i Pipe |) Ph Shi + 54 
18 | + 3 06 + 2.8 | +219 — 16.6 DRY | == Mais} — 274 | — 255 + 3.6 
Be |) ae By ha + 65 | + 242 — 16.0 2 a 19 — 27.1 — 252 ee le, 
26) |Z. + 10.3 | +305 — 15.3 31 | -— 103 — 264 | -— 2 46 —- 0.2 
30 | + 3 30 + 13.9 | + 3 26 - 14.3 35 | —-046 — 25.6 | — 2 39 - 2.1 


Differential coordinates are given in the sense “satellite minus planet.” 


F10 


Feb. 


Apr. 


May 


June 


July 


Aug. 


Sept. 


Oct. 


Nov. 


Date 


SATELLITES OF JUPITER, 2009 
DIFFERENTIAL COORDINATES FOR 0° U.T. 


Vill Pasiphae IX Sinope X_Lysithea 
Aé Aa 
/ m s 

— 17.3 - 117 - 

— 13.8 — 0 46 - 

— 10.4 - 016 - 

- 7 + 014 - 

+ 617 - 73 + 5 54 - 43 + 042 - 
+ 607 - 41 + 540 —- 1.6 + 109 ~ 
+ 554 - il ae) All + 0.8 ate ult oi) + 
+ 537 + 1.6 + 457 + 2.8 Flood ly yd ~ 
+ 518 + 4.0 + 429 + 4.6 +207 + 
+ 456 + 63 + 357 + 6.0 +2 ¥7 + 
+ 432 + 84 + 3 20 + 7.1 + 220 + 
+ 407 + 10.4 + 240 + 8.0 +214 + 
+ 3 40 + 12.3 + 1 56 + 8.6 + 200 + 
+ 312 + 14.2 + 110 + 9.1 + 1 37 + 
+ 2 43 + 16.2 + 021 + 9.6 + 105 + 
+214 + 18.4 — 0 30 + 99 + 0 26 4 
+ 145 + 20.7 - 121 + 10.3 — 018 + 
+ 117 + 23.3 — 212 + 10.8 1 05 + 
+ 050 + 26.1 —- 303 + 11.3 - 151 - 
+ 024 + 29.2 —- 351 + 11.9 — 234 - 
0 00 + 32.4 -— 437 + 12:5 - 310 - 
-— 022 + 35.8 —- 520 + 13.1 — 3 36 ~ 
—- 042 + 39.0 -— 558 + 13.5 — 350 - 
— 102 + 41.9 - 631 + 13.8 — 349 ~ 
= 121 + 44.5 —- 659 + 13.7 — 335 - 
— 140 + 46.4 - 721 + 13.3 — 308 oa 
— 200 + 47.7 -— 737 + 12.5 — 232 _ 
—- 221 + 48.3 — 748 + 11.3 — 149 - 
- 243 + 48.3 - 753 + 98 - 104 - 
—- 307 + 47.6 -— 752 + 79 -—- 018 ~ 
— 331 + 46.5 - 747 + 6.0 + 024 - 
— 356 + 44.9 -— 737 + 3.9 + 101 - 
-— 420 + 42.9 -— 722 + 1.8 + 131 + 
— 444 + 40.6 —- 703 - 01 + 154 + 
- 507 + 38.2 — 639 - 18 + 208 + 
- 529 + 35.6 - 612 = 32 +214 + 
— 549 + 33.0 — 5 42 - 43 em 1S + 
—- 607 + 30.4 -— 509 - 50 + 203 + 


Differential coordinates are given in the sense “satellite minus planet.” 


SATELLITES OF JUPITER, 2009 Fil 
DIFFERENTIAL COORDINATES FOR 0° UAT. 
— 
ie XI Carme XII Ananke XII Leda 

Aa Ad Aa Ab Aa Ad 

m Ss / m Ss 2m m Ss / 

Jan. —1 + 445 + 26.2 + 048 + 35.0 — 230 + 7.8 
9 + 438 + 25.5 -— 004 + 31.6 - 211 + 11.6 

19 + 424 + 243 -— 054 + 27.4 — 149 + 14.9 

29 + 406 + 22.7 — 143 + 22.3 -— 124 + 17.6 

Feb. 8 + 3 43 + 20.5 — 228 + 16.4 -— 058 + 19.8 
18 + 316 + 17.8 — 308 + 10.0 — 0 30 + 21.4 

28 + 2 46 + 14.6 — 343 + 3.2 -— 001 + 22.4 

Mar. 10 + 214 + 10.9 - 411 3.8 + 029 + 22.8 
20 + 139 + 6.8 — 433 — 10.9 + 100 + 22.6 

30 + 102 + 2.3 -— 449 — 17.9 + 131 + 21.7 

Apr. 9 + 024 — 2.6 — 457 — 24.8 +201 + 20.1 
19 0 15 — 7.8 — 500 — 31.5 + 229 + 17.6 

29 0 54 — 133 -— 457 — 37.9 + 253 + 14.3 

May 9 — 133 — 19.0 — 449 — 44.0 + 310 + 10.0 
19 — 213 — 24.8 — 436 — 49.9 + 317 + 4.8 

29 — 252 — 30.6 —- 418 — 55.4 + 308 = 441 

June 8 — 330 — 36.5 -— 357 — 60.6 + 2 40 - 74 
18 -— 407 — 42.1 — 333 — 65.4 + 149 — 13.3 

28 -—- 442 — 47.5 — 307 — 69.8 + 040 - 17.9 

July 8 -— 515 — 52.4 — 239 — 73.6 - 041 — 20.3 
18 — 545 — 56.8 — 210 — 76.8 -—- 201 — 19.9 

28 - 612 — 60.5 - 141 — 79.3 — 309 — 16.8 

Aug. 7 — 635 — 63.6 —- 111 — 80.9 Bro 11.6 
17 —- 655 — 65.8 -— 042 — 81.4 — 422 - 49 

Py - 711 — 67.4 — 012 — 80.8 — 424 + 23 

Sept. 6 — 724 — 68.4 + 019 — 79.2 -— 406 + 92 
16 — 733 — 68.8 + 050 — 76.5 — 3 33 + 15.5 

26 — 740 — 69.0 + 21 — 73.0 — 249 + 20.5 

Oct. 6 — 745 — 68.9 + 152 — 68.6 -—- 201 + 24.2 
16 — 748 — 68.7 + 224 — 63.6 - jill + 26.5 

26 — 749 — 68.5 + 255 — 58.2 — 0 23 + 27.4 

Nov. S — 749 — 68.2 + 326 — 52.4 + 0 22 + 27.2 
15 — 746 — 67.9 + SD — 46.4 + 102 + 25.9 

25 -— 742 — 67.6 + 423 — 40.2 + 1 36 + 23.8 

Dec 5 — 7 36 — 67.3 + 448 — 34.0 + 205 + 20.9 
15 = 727, — 66.8 + 512 — 27.8 + 227 + 17.4 

DS - 717 — 66.3 + 532 — 21.7 + 2 43 + 13.4 

85 — 705 — 65.5 LEK) — 15.7 + 25] + 9] 


Differential coordinates are given in the sense “satellite minus planet.” 


Fil2 SATELLITES OF JUPITER, 2009 


TERRESTRIAL TIME OF SUPERIOR GEOCENTRIC CONJUNCTION 


T Io 
- 

d hm dh m (Veale pial d hm 

Jan. oe ees May Omie23 July 28 01 48 Oct. ISS15.39 
Feb. 20 13 36 LI OS¥ Sit 29 20 14 17 10 07 
22 08 07 13 00 20 31 14 40 19 04 34 

24 02 37 14 18 49 Aug. 2 09 06 20 23 02 

25 21 08 Lomsrly, 4 03 32 PLAT 2M 

PUL INS) ahs) 18 07 45 S521 5y/, 24 11 59 

Mar. 1 10 08 20 02 14 7 16 23 26 06 27 
3 04 39 21 20 42 9 10 49 28 00 55 

4 23 09 Pe Ns NG 11 0515 29 19 24 

6 17 39 25 09 38 12 23 41 Bib ilar sy? 

8 12 09 27 04 06 14 18 07 Novy. 2 08 21 

10 06 40 28 22 34 16 12 33 4 02 49 

12 01 10 30 17 02 18 06 59 5 21 18 

13 19 40 June 1 1i 30 20 01 24 7 15 47 

15 14 10 3 05 58 PA MNEY AIO) 91015 

17 08 40 5 00 26 23 14 16 11 04 44 

19 03 10 6 18 53 25 08 42 12023) 13 

20 21 40 8 13 21 27 03 08 14 17 42 

22 16 10 10 07 49 28 21 34 16 12 11 

24 10 40 12 02 16 30 16 00 18 06 40 

26 05 10 13 20 43 Sept. 1 10 26 20 01 09 

27 23 40 Sel S alc 3 04 53 21939 

29 18 09 17 09 38 A239 23 14 08 

SIRI29 19 04 05 6 1745 25 08 37 

Apr. 2 07 09 20 22 32 8 2a 27 03 07 
4 01 39 22 16 59 10 06 38 28 21 36 

5 20 08 24 11 26 12 01 04 30 16 06 

7 14 38 26 05 53 13 19 30 Dec. 2 10 35 

9 09 08 28 00 20 IS13 57 4 05 05 

11 03 37 29 18 47 17 08 24 5725735 

12 22 07 July 11314 19 02 50 7 18 04 

14 16 36 3 07 40 20 21 17 9 12 34 

16 11 05 5 02 07 22 15 44 11 07 04 

18 05 35 6 20 33 24 10 11 13 01 34 

20 00 04 8 15 00 26 04 37 14 20 04 

21 18 33 10 09 26 27 23 04 16 14 34 

23 13 03 12 03 53 29 17732 18 09 04 

210732 Psy 922 ks) Oct. ESS 20 03 34 

27 02 O1 15 16 45 3 06 26 21 22 04 

28 20 30 Leef Slen 2 5 00 53 23 16 34 

30 14 59 19 05 38 6 19 21 25 11 04 

May 2 09 28 21 00 04 8 13 48 27 05 34 
4 03 57 22 18 30 10 08 16 29 00 04 

S) 2) SS 24 12 56 12 02 43 30 18 35 

7 16 54 26 07 22 tls} 22k 1 32 13 05 


SATELLITES OF JUPITER, 2009 F13 
TERRESTRIAL TIME OF SUPERIOR GEOCENTRIC CONJUNCTION 
Il Europa 

d h m d h m d h m d h m 
Jan. Pa tcc May 10 20 42 July 31 12 42 Oct. 21 03 40 
Feb. 21 14 35 14 10 00 Aug. 4 01 49 24 16 57 
25 03 59 17 23 18 7 1457 28 06 13 
28 ie23 PIS PY BX) 11 04 05 Sh UG) Shih 
Mar. 4 06 47 25 01053 14 17 13 Noy 4 08 49 
2 Onl Ades 11S) NO) 18 06 20 7 22 08 
11 09 35 June 1 04 26 21 19 28 11 11 26 
14 22 58 4 17 42 25 08 36 15 00 46 
18 12 22 8 06 56 28 21 44 18 14 06 
22 01 45 11 20 11 Sept. 1 10 52 22 03 27 
25 15 08 S095 5 00 01 25 16 47 
29 04 31 IRS PAS) 8 13 10 29 06 09 
Apr. IG S33 22 Ih St 12 02 20 Dec 2 19 30 
5 07 16 26 01 04 IS) Ss 30) 6 08 52 
8 20 38 29 14 15 19 04 41 PE is) 
10959 July 3 03! 27, 22 io (V3) TN 3i9/ 
S232 6 16 38 26 07 03 17 01 00 
19 12 42 10 05 48 29 20 15 20 14 24 
23 02 03 13 18 58 Oct. 3 09 28 24 03 47 
26 15 23 17 08 08 6 22 41 27 17 11 
30 04 44 20 21 16 OMS 31 06 35 

May 3 18 03 24 10 25 14 01 09 

TLOT23 2] 23,33 17 14 25 

III Ganymede 

deh “mi d ‘h m do) by fm d hm 
Jan. meh 4ee May (15s skis) 7/ Aug. 9 07 00 Nov. 3 O01 16 
Feb. 25 12 49 22 NSe56 16 10 15 10 05 16 
Mar. 41717 29 19°50 Ps) Vay ail 17 09 19 
11 21 43 June 5 23 41 30 16 49 24 13 27 
19 02 08 13 03 26 Sept. 6 20 09 Dec 1 17 38 
26 06 31 20 07 06 139237533 Silnoo 
Apt. 2 10 52 27 10 42 21 02 59 16 02 12 
9 15 10 July 4 14 13 28 06 30 23 06 33 
16 19 27 1117 41 Oct. 5 10 05 30 10 56 

23 23 40 18 21 05 12 13 45 

May 1 03 49 26 00 26 19 17 30 

8 07 55 Aug. 2 03 44 2021021 

IV Callisto 

GY dls gin d h m d) hy m doh m 
Jan. Apr. 22 16"59 July 15 06 38 Oct. 6 08 08 
Feb. Oe eh May Otis a2 Syl PALL ih 23 00 48 
Mar. 3 04 54 26 05 57 Aug. [7 ele23 Noy 8 18 28 
20 01 22 June 1d 23,07 Sept. 3 01 40 25 13 04 
Apr. E26 28 15 20 19 16 28 Dec 12 08 25 
29 04 23 


F14 SATELLITES OF JUPITER, 2009 
TERRESTRIAL TIME OF GEOCENTRIC PHENOMENA 
JANUARY 
d Jay foal d h m 
0 3 41 1.0c.D. 8 S17 I.Sh.I. I.TrI. Je bal oe 
6 24 ].Ec.R. 4 16 I-Tr.E. JH.Sh.I. Buy! Shes 
2238 Il.TrI. 4 52 II.Sh.E. II.Oc.D. 4 43 II.Ec.R. 
DIL IL.Sh.1. yy ei he) eh, 23°32 Lien 6 19 I.Tr.E. 
5 34 I.Sh.E. 23 40 I.Sh.1. 619 | TU.Sh.E. 
] 0 59 JEG el 22 49 I.Ec.D: 
123 I.Sh.I. 9 0 14 I.Oc.D. 1 47 Il. Tr.E. 
123 Il.Tr.E. 2 48 I.Ec.R. 1 49 LIne, ans) 1 08 I.Oc.R. 
2 14 II.Sh.E. 17 45 IL.Tr.I. eo: I.Sh.E. 20 03 I.Sh.1. 
3) 115) Leia) et 18 46 | ILSh.I. 2 08 II.Ec.R. 20 04 LTrl. 
3 40 I.Sh.E. 20 15 Il.Oc.D. 2 19 II.Sh.E. 20 34 IL.Sh.1. 
22a I.Oc.D. ALS) WLTrE, 20 47 I.Oc.D. 20 38 bal 
PHile Sil Palle Ds) ND I.Ec.R. 22 20 I.Sh.E. 
2 0 53 I.Ec.R. 21 46 I.Sh.I. 2222, LTrE. 
13 16 WUE eH 22 18 IU.Sh.E. 17 45 IL. Tr.I. 23) 26 IL.Sh.E. 
14 47 11.Sh.I. 23) 33 IWLEc.R. 17 56 IL.Sh.1. 23 29 ILTr.E. 
16 44 I.Tr.E. 23 48 Trek. 18 03 Lie 
17 26 II.Oc.D. 18 09 I.Sh.I. 26 aay L.Ec.D. 
18 18 Ii.Sh.E. | 10 0 03 I.Sh.E. 20 20 lig) a 19 38 1.Oc.R. 
19 29 oibell, 18 44 OCD: 20 26 LSh-E- 
1931 JESiee ONT: I.Ec.R. 20 36 I. TrE. 27 14 31 L.Sh.I. 
20 58 Il.Ec.R. 20 48 II.Sh.E. 14 35 eg bral 
21 46 LTrE. 11 12 04 IV.Oc.D. S11 I.Ec.D. 
22 08 I.Sh.E. 14 51 WBA 15 18 1.0c.D. 16 46 Iil_Ee:D. 
15 18 IL.Sh.1. 17 41 J.Ec.R. 16 48 I.Sh.E. 
3 0 03 INV EA ire 16 01 sh. 20 57 IV. 16 52 L.TrE. 
By Bik IV.Sh.I. 16 14 I.Sh.I. 21 39 IV.Sh.I. 18 07 11.0c.R. 
431 IV.Tr.E. 17 43 WIE. 20 34 Ill.Oc.R. 
8 07 IV.Sh.E. 18 10 II.Sh.E. 1 34 IV. ThE. 
16 42 LOcD; 18 18 hel Be 2 18 IV.Sh.E. 28 8 14 IV.Ec.D. 
19 22 LEc.R. 18 31 L.Sh.E. 12 29 II.Oc.D. 11 46 LEc.D. 
18 45 IV.Ec.R. 12931 I.Oc.D. 13 36 IV.Oc.R. 
4 11 59 bas 12-33 hale 14 09 I.Oc.R. 
12 41 II.Sh.1. 12 nls I.Oc.D. 12 37 I.Sh.I. 
14 00 Medes, 15 46 I.Ec.R. 14 50 LeTce: 29 9 00 L.Sh.I. 
14 20 I.Sh.I. 14 54 I.Sh.E. 9 05 Link 
14 49 Eb sR 13 8 01 Ill.Oc.D. 1525 IL-Ec.R. oS IL.Sh.I. 
iby sy? II.Sh.E. 9 40 If.Oc.D. TOWNS | Mee R2 10 05 Werk 
16 16 IS beh eis 10 32 LTr.I. LIEK I.Sh.E. 
16 37 I.Sh.E. 10 43 I.Sh.1. 9 48 I.Oc.D. 11 22 LTrE. 
12 19 IIl.Ec.R. 12 09 I.Ec.R. 12 45 IL.Sh.E. 
5 3 I.Oc.D. 12 48 I. TrE. LST LTE. 
18 51 I.Ec.R. 125] Il.Ec.R. 7 04 Eira be 
13 00 I.Sh.E. 7 06 [.Sh.1. 30 15 I.Ec.D. 
6 8) hil I.Oc.D. WANG? GIG SE 39 I.Oc.R. 
6 50 I.Oc.D. | 14 7 46 1.Oc.D. 716 IL.Sh.1. 
8 18 II.Ec.R. 10 14 I.Ec.R. 9 21 lbibaen Bil 28 I.Sh.1. 
8 30 1. Trl. 9 23 I.Sh.E. 36 L.Trl. 
8 49 I.Sh.I. 153 418 IT 10 03 IL Tr.E. 28 II.Ec.D. 
10 16 Il. Ec:R. 4 38 II.Sh.1. 10 08 IL.Sh.E. 5 45 I.Sh.E. 
10 47 I.Tr.E. 02 or 53 LTrE. 
11 05 I.Sh.E. SZ I.Sh.1. 419 1.0Oc.D. 47 I.Sh.I. 
HAW) IL.TrE. 6 38 LEGR: 18 1 il fe 3) 
if 5 43 LOG: D: PAM L.TrE. Te3 2) Il.Oc.R. 
8 19 I.Ec.R. 7 28 I.Sh.E. 1 34 repre 10 20 II.Sh.E. 
7 30 IL.Sh.E. 1 34 I.Sh.I. 10 51 WI Tne, 
8 125 U.Tr.1. 1 54 11.0c.D. 
2 00 IT.Sh.1. 16 2 16 1.0c.D. 246 | IIL.Sh.I. 
3 00 bi biel 4 43 I.Ec.R. 2 46 IIL.Tr.I. ie 
I. Jan. 14 II. Jan. 17 Il. Jan. 13 IV. Jan. 11 


v2 =+ 1.2, yo =—0.1 


to =+ 1.2, yo =- 


0.2 


v2 =+ 1.4, yo =-03 


xq =+ 1.8, ye =-0.4 


NOTE.-I. denotes ingress; E., egress; D., disappearance; R., reappearance; Ec., eclipse; Oc., occultation; 
Tr., transit of the satellite; Sh., transit of the shadow. 


SATELLITES OF JUPITER, 2009 BIS 


CONFIGURATIONS OF SATELLITES I-IV FOR JANUARY 


UNIVERSAL TIME 


HAST a WEST BAST 
16.0 : 


V0 


32.0 
PHASES OF THE ECLIPSES 


| WEST EAST. | I], WEST EAST 
r 


a 


F16 
d hm 
1 0 43 J.Ec.D. 
3 10 1.0c.R. 
PAN Sy I.Sh.1. 
22 06 Hpi bral 
DBS WN II.Sh.1. 
23 IL. Trl. 
2 0 14 I.Sh.E. 
0 23 TE: 
2 04 IL.Sh.E. 
PYRE TE: 
19 12 TEce.D: 
21 41 LOGI: 
3 16 25 Lsbh.1 
16 36 WIG AL, 
17 45 ILEe.D: 
18 42 I.Sh.E. 
18 54 Le Ubel 2), 
20 46 | IILEc.D. 
PRY sil Il.Oc.R. 
4 106 | IL.Oc.R. 
13 41 .Ec.D. 
16 11 1.Oc.R. 
5 10 54 I.Sh.I. 
11 07 Pook 
Idi II.Sh.I. 
PA yd) IL. Trl. 
key il I.Sh.E. 
13 24 Le Bele, 
iley 773) IL.Sh.E. 
15 47 IV.Sh.1. 
15 50 IL. Tr.E. 
1754 | IVTrl. 
20 29 IV.Sh.E. 
22 37 IV.Tr.E. 
6 8 09 LEeD: 
10 42 I.Oc.R. 
7 3) Pi I.Sh.1. 
5 37 LTrI. 
703 ILEc.D. 
7 39 I.Sh.E. 
7 54 LTr.E. 
10 22 II.Oc.R. 
10 47 U1.Sh.I. 
11 48 U1.Tr.l. 
1420 | ILLSh.E. 
IP FebalS 
th == We 3} Yi =-0.1 


SATELLITES OF JUPITER, 2009 


TERRESTRIAL TIME OF GEOCENTRIC PHENOMENA 


bh mn 
5) 


2 38 
6) 1 
23051 


0 07 
1 49 
2 08 
223 
7) DS) 
4 41 
5 16 
21 07 
23 43 


18 19 
18 38 
20 20 
20 37 
20 55 
23 46 


0 46 
5) oy) 
5535 
18 13 


12 48 
13 08 
15 05 
15 08 
S25 
15 50 
18 00 
18 42 


10 04 
12 44 


2 20 
7 16 
7 38 
9 34 
DSi 
9 56 
10 33 
ey 
14 46 
16 17 
18 20 


FEBRUARY 


IL.Tr.E. 


L.Ec.D. 
LOc.R. 


I.Sh.1. 


L.Trl. 
ILSh.I. 

I.Sh.E. 
ILTr.L. 

belay 
IL.Sh.E. 
Oban 


I.Ec.D. 
I.Oc.R. 


I.Sh.1. 
tral. 


ILEc.D. 


I.Sh.E. 
LIke: 


I.Oc.R. 


Il.Ec.D. 
IL.Oc.R. 
LEc.D. 
HOGR: 


I.Sh.I. 
Aeiurale 
I.Sh.E. 
ILSh.I. 
LTr.E. 
etre 
IL.Sh.E. 
ILTr.E. 


L.Ec.D. 
L.Oc.R. 


IV.Ec.D. 


L.Sh.I. 
ipiielle 
I.Sh.E. 


I.Ec.D. 


lithe) sy 


IV.Oc.R. 
IL.Oc.R. 


1.Sh.1. 
UL.Tr.1. 
TIL.Sh.E. 


NW Levsloy, 17/ 


CSS 1.6, Y1 =—02 


=] 
d h m h 
14 19 52 I. Tr.E. 22 6 27 I.Ec.D. 
9 16 I.Oc.R. 
15 4 33 TEc:D} 955). 2LVeshue 
7 14 1.Oc.R. 14 40 | IV.Sh.E. 
14 47 IV.Tr.I. 
16 1 45 I.Sh.I. 19°35. |) Vere. 
2 09 Link 
4 02 LShE. | 23 3,39 I.Sh.I. 
4 26 LEE: 4 10 aed 
4 26 IL.Sh.1. 5 56 I.Sh.E. 
5 16 WG AE 6 27 ink: 
7 19 IL.Sh.E. 7 04 IL.Sh.I. 
8 08 ILTrE. 8 07 IETek 
23 Ol L.Ec.D. 9 56 II.Sh.E. 
11 00 IL. Tr. 
ily! 1 45 LOc.R. 
20 13 LSh.I. 24 0 56 I.Ec.D. 
20 39 L.Trl. 3 47 I.Oc.R. 
22 30 I.Sh.E. 22 07 LSh.I. 
22 54 IL.Ec.D. 22 40 ETrA: 
22 56 I.TrE. 
25 0 24 I.Sh.E. 
18 2 36 Il.Oc.R. Ors7. ire: 
446 | II.Ec.D. 1 29 II.Ec.D. 
10 08 IlL.Oc.R. 5 24 Il.Oc.R. 
17 30 LEc.D. 8 47 Ill.Ec.D. 
ZO: L.Oc.R. 14 38 | Tl.Oc.R. 
19 24 L.Ec.D. 
£9 14 42 I.Sh.I. 22 NG, I.Oc.R. 
15 09 bse 
16 59 LSh.E. | 26 16 36 L.Sh.I. 
17 26 TErE. 17 10 Monreal: 
17 46 IL.Sh.I. 18 53 L.Sh.E. 
18 42 ehae 19 27 ive: 
20 38 IL.Sh.E. 20 23 II.Sh.1. 
2s 35) IL. Tr.E. 2133 Tiree 
2315 II.Sh.E. 
20 11 59 LEc.D. 
14 46 1.Oc.R. | 27 0 26 IL.Tr.E. 
13758 ]Ec.D. 
21 9 10 Tish. 16 47 I.Oc.R. 
9 39 LTr.l. 
2 7/ I.Sh.E. | 28 11 04 L.Sh.I. 
17 Rink 11 40 Link 
12 11 IL.Ec.D. 13 21 L.Sh.E. 
16 00 Il.Oc.R. IN 3eSy7/ LTrkE, 
18 45 IIL.Sh.I. 14 46 Il.Ec.D. 
20 46 I.Tr.I. 18 49 Il.Oc.R. 
22, 20..)|\) EShE. 22 45 | IIL.Sh.1. 
22 0 21 Ill. Tr.E. 
I. Feb. 18 IV. Feb. 14 


LC == 1.9, Y1 =-—0.2 


Ly =-—2.4, V1 =—0.2 


NOTE.—I. denotes ingress; E., egress; D., disappearance; R., reappearance; Ec., eclipse; Oc., occultation; 


Tr., transit of the satellite; Sh., transit of the shadow. 


CONFIGURATIONS OF SATELLITES I-IV FOR FEBRUARY 


SATELLITES OF JUPITER, 2009 


UNIVERSAL TIME 


EAST 


I WEST 


PHASES OF 


q WEST 
16. 


17.0 


18.0 


FL 


EAST 


IV 


31.0 


32.0 
THE ECLIPSES 


EAST 


Tl WEST a 
+ 


HAST 


F18 SATELLITES OF JUPITER, 2009 
TERRESTRIAL TIME OF GEOCENTRIC PHENOMENA 


MARCH 
d h m h m d h m 
1 LAS || Titre: 16 38 ILTr.L. 24 1149 1.Oc.R. 
219 | DShE- 17 47 IL.Sh.E. 
450 | UlL.Tr.E. 19 31 ILTr.E. OF) 5 43 L.Sh.I. 
8 22 LEe.D. 6 40 Pint 
11 18 1.Oc.R. 6 39 Ec .D: 8 00 I.Sh.E. 
9 49 [.Oc.R. 8 57 BRE. 
2 5133 I.Sh.1. 11 46 I.Ec.D. 
6 10 Iehbrel k 3 49 I.Sh.I. 16 34 Il.Oc.R. 
7 50 I.Sh.E. 4 41 eae: 
8 28 Tork: 6 06 I.Sh.E. | 26 044 | IILEc.D. 
9 41 IL.Sh.1. 6 58 L.Tr.E. 3 01 LEe:D: 
10 58 ILTr.I. Sy ILEc.D. 420 | ULEc.R. 
12 33 IL.Sh.E. 13 48 IL.Oc.R. 44] I1.Oc.D. 
iB IL. Tr.E. 2045 | IlLEc.D. 6 19 1.Oc.R. 
20 26 || TV:Ee:D. 820 | Il.Oc.R. 
1 07 I.Ec.D. 
3 hill IV.Ec.R. 357 8) UROGR R27 011 I.Sh.I. 
230 | IV.Oc.D. 419 I.Oc.R. 110 bee 
2 50 LEc.D. 14:32 | IV.Ec.D. pipes I.Sh.E. 
5 48 LOG. LOMO S|) IViBe:R: S21. Lali) Be 
TMS | MINOcIRe 22 18 I.Sh.I. 6 50 IL.Sh.1. 
22°57 | IV0ED} 8 50 I. Trl. 

4 001 I.Sh.I. PBN 1A el 9 42 II.Sh.E. 

0 40 1. Tr. 11 43 ITE. 

DAS) I.Sh.E. 0 34 I.Sh.E. 21 30 LBe.D: 

2 58 LIne. 1 28 nr. 22 11 IV.Sh.1. 

4 03 IL Ee:D. 1.Oc.R. 3 48 IV.Oc.R. 

8 13 ILOc.R. L.Sh.1. 4 14 ILSh.I. 28 0 49 I.Oc.R. 
12 46 | IU.Ec.D. Link 6 03 IL Trl. D2258%|-—EV-ShE? 
19106 || IMOc-R. I.Sh.E. 705 I.Sh.E. 7 48 IV. Trl. 
21 19 LEc.D. Tir E 8 55 INTreE. 1240 | IV.TrE. 

19 36 I.Ec.D. 18 40 I.Sh.1. 

2) 018 I.Oc.R. ILSh.1. 22 49 1.Oc.R. 19 40 Tiel: 
18 30 I.Sh.I. Trl. 20 56 LShE. 
L911 Leura’ Il.Sh.E. 16 46 LSh.I. ON a7 1Gibel 
20 47 I.Sh.E. IL.TrE. 17 40 be & 

21 28 Tear E: Ec.D: 19 03 [Sh.E. | 29 1 03 Il.Ec.D. 
23 00 IL.Sh.1. ROGIRS 19 57 [TrE. Seay IL.Oc.R. 
2229 IEe:D. 14 44 | JILSh.I. 

6 0 24 ian L.Sh.1. 15 58 E-Ee.D: 

Pay IL.Sh.E. 1 We Sd IL.Oc.R. 18 20 | IILSh.E. 

Sy il4/ ILTrE. I.Sh.E. 1045 | I1.Sh.1. 18 53 IL.Tr.I. 
15 47 TEeD. Lee Wh 14 04 I.Ec.D. 1 Ke 1.Oc.R. 
18 48 I.Oc.R. IL.Be.D. 14 20 | ILI.Sh.E. 22507)" itl Tr. 

14 31 U1.Tr. 

Wo VAS I.Sh.I. IL.Oc.R. 17 19 I.Oc.R. | 30 13 08 I.Sh.1. 
13 41 iba. I.Sh.I. 18 08 | Ul.TrE. 14 09 1d Grel 
ap ils) I.Sh.E. I.Trl. S25 I.Sh.E. 
15 58 ork: II.Sh.E. 11 14 I.Sh.1. 16 26 LTrE. 
17 20 I Ec.D. I.Ec.D. 12 10 rel. 20 08 IL.Sh.I. 
PUY) Il.Oc.R. TET: ers) I.Sh.E. 22 14 UDrd. 

1.Oc.R. 14 27 I.Tr.E. 23 00 IL.Sh.E. 

8 245 | DLSh.1. 17 32 ILSh.I. 

5 41 OUI elle I.Sh.1. 19 26 IL.Tr.I. 31 1 06 Weeden 

620 | DISh.E. ibe & 20 23 ILSh.E. 10 27 I.Ec.D. 

918 | ULTrE. I.Sh.E. 22 19 ITE. 13 49 T.Oc.R. 
10 16 I. Ec.D. Tr. 

13 19 T.Oc.R. IL.Sh.1. 8 33 1 eke) D! 

I. Mar. 15 II. Mar. 14 Il. Mar. 18 IV. Mar. 19 

xz, =- 1.7, Th 0.0 21 =-2.1, ys =- 0.1 v1 =-2.9, yi =-0.1 vy =—44, yi =-0.1 

Loy — 2.5, Yo = 0.1 


NOTE.—I. denotes ingress; E., egress; D., disappearance; R., reappearance; Ec., eclipse; Oc., occultation; 
Tr., transit of the satellite; Sh., transit of the shadow. 


SATELLITES OF JUPITER, 2009 F19 
CONFIGURATIONS OF SATELLITES I-IV FOR MARCH 
UNIVERSAL TIME 
d WEST EAST qd WEST EAST 
0.0 16.0 7 
/y 
1.0 17.0 4 
I 
20 18.0 
3.0 a 19.0 N 
l 
| . 
4.0 20.0 WK 
AX) 
6.0 fa 22.0 —— x 
7.0 E 23.0 > 
Bas | ee 
8.0 4. A 
10.0 26.0 \ 
N 
11.0 27.0 N, 
| / 
2 K/ 
12.0 28.0 OP 
| mT pp 
13.0 29.0 x 
III 
14.0 30.0 ip 
15, 01ers =| {Binge s 4 Ly 
16.0 i 32.0 
PHASES OF THE ECLIPSES- 
I WEST EAST | Il] WEST d BAST 
d ; 
I] d aa IV d r = 
+ + + 


F20 SATELLITES OF JUPITER, 2009 
TERRESTRIAL TIME OF GEOCENTRIC PHENOMENA 


APRIL 
— 
d h m d je aa) d h m d 
1 VS I.Sh.I. 8 12 54 LTrE. 16 0 48 Il.Oc.R. } 23 16 43 | IILEc.D. 
8 39 IBA 16 55 II.Ec.D. 8 43 LEcD: 20 20 | IILEc.R. 
9 53 L.Sh.E. 22 04 1l.Oc.R. 12 15 1.Oc.R. 2150 | IIl.Oc.D. 
10 56 I.Tr.E. 12 43 | IfEc.D. 
14 21 II.Ec.D. 9 6 49 I.Ec.D. 16 21 IIL.Ec.R. | 24 U 295) OR: 
19 20 Il.Oc.R. 8 43 | IlEc.D. as a LOC: 7 46 I.Sh.I. 
10 17 I.Oc.R. ON ANGP || MUO vod ee 901 Jake. 
2 444 | JII.Ec.D. 12220) WRB eARS 10 03 I.Sh.E. 
455 I.Ec.D. 1321 UOc:D: 17 5) ae L.Sh.1. 11 18 LTr.E. 
8 18 I.Oc.R. 17 00 | IlLOc.R. 705 Pate 17 15 II.Sh.1. 
8 21 Iil.Ec.R. 8 09 I.Sh.E. 19 47 IL.Tr.I. 
903 | Ill.Oc.D. | 10 3 59 I.Sh.1. 9 21 I.Tr.E. 20 06 IL.Sh.E. 
12 42 | Il.Oc.R. 5 07 Pika 14 39 IL.Sh.I. 2239 IL. Tr.E. 
6 15 I.Sh.E. 17 05 IL. Tr.I. 
3 2 05 I.Sh.I. 7 24 L.TrE. 17 30 ISH EW 25 5 06 LEc.D. 
3 09 Tie 12 03 IL.Sh.I. 19 57 IL.Tr.E. 8 41 OCERS 
4 22 I.Sh.E. 14 22 IL. Trl. 
5 26 I.Tr.E. 14 54 II.Sh.E. 18 Bale I.Ec.D. | 26 ar Ns: LSh.I. 
927 IL.Sh.I. 17 14 Il. Tr.E. 6 44 1.Oc.R. Boil Val § 
LST I.Tr.I. 431 L.Sh.E. 
12 18 JUS les | feilil 118 [.Ec.D. 19 0 21 I.Sh.I. 5 47 L.Tr.E. 
14 29 IL Tr.E. 4 46 1.Oc.R. 1 34 iba 1022 II.Ec.D. 
23 24 I.Ec.D; 222i). L.Sh.1. 2 38 I.Sh.E. 16 50 IL.Oc.R. 
23 36 Tain Broil I.Tr.E. 23 34 LEc.D. 
4 2 48 1.Oc.R. 8 47 II.Ec.D. 
20 34 LSh.I. 12 0 44 I.Sh.E. 14 09 Il.Oc.R. | 27 3 10 1.Oc.R. 
21 38 Tire 153 LTrE. 21 40 L.Ec.D. 642 | DLShI. 
22 50 I.Sh.E. 6 13 II.Ec.D. 1018 | IL.Sh.E. 
D3z55 Bel ae 11 26 Il.Oc.R. 20 ali I.Oc.R. 1155-4) The Is 
j 19 46 LEc.D. 242 | DLSh I. 15/33) TEE: 
5 3 38 Il.Ec.D. 22 43 | IJILSh.I. 618 | DIDLSh.E. 20 43 L.Sh.I. 
8 38 IV.Ec.D. 23 16 1.Oc.R. FAS | WET 22 00 Tir l. 
8 42 Il.Oc.R. ike il I.Tr.E. 23 00 L.Sh.E. 
S27, IV.Ec.R. | 13 2 AS) ESD: 18 49 EShlt 
hi BY L.Ec.D. 3295) eee 20 03 IEIvEIE 28 0 16 Taine. 
18 44 | IILSh.I. WAG || AUC b As 21 06 I.Sh.E. 6 32 II.Sh.1. 
19 01 IV.Oc.D. 16 20 | IV.Sh.I. 22 20 LTrE. 9 07 Hatr: 
AUS L.Oc.R. 16 56 I.Sh.I. 9 23 IL.Sh.E. 
22 19) EShie: 18 06 eral 2] 3557 IL.Sh.I. 11 59 IL.Tr.E. 
2325) Uldaets 19 12 [.Sh.E. 6 26 IL.Tr.I. 18 03 I.Ec.D. 
23152 IV.Oc.R. 20 23 Dark: 6 48 II.Sh.E. 21 39 I.Oc.R. 
21 08 | IV.Sh.E. 9 18 IL.Tr.E. 
6 250) Dire: 16 09 LEc.D. | 29 iS: 12 I.Sh.I. 
15 02 L.Sh.I. 14 (POA II.Sh.1. 19 42 I.Oc.R. 16 29 L.Tr.I. 
16 08 er 3 42 | IViIrl. 17 28 LSh.E. 
17 19 I.Sh.E. 3 44 We bale 22 244 | IV.Ec.D. 18 45 LTr.E. 
18 25 Les rel Be 4 12 II.Sh.E. 7 33 IV.Ec.R. 
22 45 IL.Sh.I. 6 36 Snes 13 18 I.Sh.I. 30 0 40 IL.Ec.D. 
833) | TV E: 14 32 orl 6 11 IL.Oc.R. 
V 059 aires 14 15 I.Ec.D. 14 34 IV.Oc.D. 10 28 IV.Sh.1. 
1 36 II.Sh.E. 17 45 ROG: 15 34 I.Sh.E. 12.31 I.Ec.D. 
31 BY) ILTr.E. 16 49 L.Tr.E. LS h7 IV.Sh.E. 
DA AN LEC-DN mls 11 24 L.Sh.I. 1924 | IV.Oc.R. 16 08 1.Oc.R. 
15 47 1.Oc.R. 12 35 IMAG 22 05 Il.Ec.D. 20 42 | IlIl.Ec.D. 
13 41 I.Sh.E, 23 01 IV.Tr I. 
8 9 30 L.Sh.I. 14 52 I.Tr.E. 23 3 30 Il.Oc.R. 
10 37 rele 19 30 IL.Ec.D. 10 37 I.Ec.D. 
11 47 I.Sh.E. 14 12 1.Oc.R. 
1 
I. Apr. 16 Il. Apr. 15 Ill. Apr. 16 IV. Apr. 22 
vz, =-2.0, yi = 0.0 1 =-2.6, y, =-0.1 v1 =-3.7, yi = 0.0 vy, =-—5.8, y. =+ 0.1 
v2 =- 1.7, yo = 0.0 rg =-3.9, y2 =+ 0.1 


NOTE.I. denotes ingress; E., egress; D., disappearance; R., reappearance; Ec., eclipse; Oc., occultation; 
Tr., transit of the satellite; Sh., transit of the shadow. 


SATELLITES OF JUPITER, 2009 F21 
CONFIGURATIONS OF SATELLITES LIV FOR APRIL 
UNIVERSAL TIME 
d WEST EAST q WEST EAST 
0. ESS 16.0 
1.0 ia) I 17.0 
| Mt 
4 
20 18.0 
nS 
2 eae [Be | y 
Layee: [ie | 
5.0 SK 21.0 
6.0 22.0 
7.0 23.0 
8.0 24.0 ~ 
9.0 25.0 OV 
Il 
10.0 26.0 
IV 
11.0 27.0 
12.0 28.0 
13.0 29.0 
lll 
14.0 30.0 
15.0 31.0 
16.0 32.0 
PHASES OF THE ECLIPSES 
I WEST FAST: |) Silt WEST | _ BAST 
+ He ap 
d 
I] d IV 
ye iad & 
d ie 


E22 SATELLITES OF JUPITER, 2009 
TERRESTRIAL TIME OF GEOCENTRIC PHENOMENA 


MAY 
ae 
d |e spect d h m d h m 
1 0 20 If.Ec.R. IV.Ec.D. 6 33 IL.Tr.E. 24 9 50 L.Sh.I. 
159 I.Oc.D. Il.Sh.I. 10 47 I.Ec.D. 11 09 ick 
3 49 IV.Tr.E. 14 26 1.O0c.R. 12 06 1.Sh.E. 
5 39 I1.Oc.R. Il.Tr.I. 13 26 IE 
9 40 I.Sh.I. II.Sh.E. 4 36 IV.Sh.I. 21 43 ILEc.D. 
10 58 Dink IV.Ec.R. 7 56 1.Sh.I. 
td eSy/: ESB: IL.Tr.E. 9 16 eaeral: 25 3 20 I.Oc.R. 
13 14 Ter. Be l.Ec.D. 9 25 IV.Sh.E. 7 09 LEc.D. 
19 50 II.Sh.1. IV.Oc.D. 10 12 I.Sh.E. 10 47 1.Oc.R. 
22 DF) Tre MOR: 138 IL JW 2 8). 14 57 IV.Ec.D. 
22 41 II.Sh.E. IV.Oc.R. 135 IVetrE 19 47 IV.Ec.R. 
19 08 II.Ec.D. 22 40 I1.Sh.I. 
2) 119 sire, I.Sh.I. 2220 IV.Tr.E. 
6 59 T.Ec.D; I bel 26 ZAT IIL.Sh.E. 
10 37 1.Oc.R. I.Sh.E. 0 45 Il.Oc.R. 8/35 IV.Oc.D. 
Lark: ull) L.Ec.D: 405 IL.Tr.I. 
3 408 I.Sh.I. II.Ec.D. 8 54 1.Oc.R. 418 L.Sh.I. 
Sy L.TrJ. 1.Oc.R. 18 41 IIL.Sh.I. 5<37 WabAP 
6 25 L.Sh.E. Dea S\Ip IL.Sh.E. 6 35 LSh.E. 
743 Ir. I.Ee.D: 7 42 I-Tr.E. 
13°57, IJ.Ec.D. I.Oc.R. 0 09 UE bel 7 54 LTr.E. 
19 30 II.Oc.R. I.Sh.I. 2 24 EShid. 8 19 IV.Oc.R. 
IIL.Sh.E. 3 44 bale 16 53 I.Sh.I. 
4 1 28 I.Ec.D. IL.Tr.I. 3 46 I.-Tr.E. 19 32 IL. Trl. 
5 06 LOGR. IIL. Tr.E. 441 I.Sh.E. 19 44 II.Sh.E. 
10 41 IU.Sh.I. 6 01 Iie. B: 2223 Tire? 
14 17 IIL.Sh.E, I.Sh.1. 14 18 II.Sh.1. 
16 03 IL.Tr.L. 150 Eb ae 16 59 Il. Trl. QT N37 EBe:D: 
19 41 IL.Tr.E. 2 47 I.Sh.E. 17 09 II.Sh.E. S15 I.Oc.R. 
DS I.Sh.1. 407 I.Tr.E. 19 S50 IL-TrE. 22 46 LShk 
23 55 Istrie 11 43 Ii.Sh.I. 23 44 I.Ec.D. 
14 24 I.Tr.I. 28 0 06 TT! 
5 0 53 USE. 14 34 II.Sh.E. 8°23 1.Oc.R. 1 03 I.Sh.E. 
PEW L.TrE. MNS IL. Tr.E. 20 53 I.Sh.I. 222 Laink, 
9 08 II.Sh.1. 21 50 I.Ec.D. 225 Hei e L, 11 01 II.Ec.D. 
11 47 IL. Trl. 23 09 1.Sh.E. 16 37 Il.Oc.R. 
11 59 II.Sh.E. 1 29 L.Oc.R. 20 06 I.Ec.D. 
14 38 IL. Tr.E. 18 59 L.Sh.1. 0 29 .Tr.E. 23 43 LOc.R. 
19 56 I.Ec.D. 20 19 L.Tr.l. 8 26 II.Ec.D. 
23 34 1.Oc.R. ZAG L.Sh.E. 14 03 IL.Oc.R. | 29 12739 IIl.Ee.D. 
22 36 LTrE. 18 12 I.Ec.D. 16 17 IIL.Ec.R. 
6 17 05 L.Sh.I. DES) L.Oc.R. L748 I.Sh.1. 
18 24 Biba 5 50 Il.Ec.D. 18 01 II.Oc.D. 
19 22 I.Sh.E. ib Ag IL.Oc.R. 8 39 Ill.Ece.D. 18 34 ag Di 
20 41 1.Tr.E. 16 18 ].Ec.D. 12 18 Ill.Ec.R. 19 32 I.Sh.E. 
19 58 L.Oc.R. 14 07 Ill.Oc.D. 20 50 ETRE: 
oH Sri l6) II.Ec.D. ey PAI I.Sh.I. 21 40 Ill.Oc.R. 
8 50 Il.Oc.R. 4 40 II.Ec.D. 16 41 Riri 
14 25 I.Ec.D. 8 18 Ifl.Ec.R. 17 38 I.Sh.E. | 30 6 11 IL.Sh.1. 
18 03 T.Oc.R. 10 08 I1.Oc.D. 17 46 I.Oc.R. 8 48 IL. Trl. 
US) a I.Sh.I. 18 58 I.TrE. 901 IL.Sh.E. 
8 0 41 If.Ec.D. 13 47 IH.Oc.R. 11 39 IL.Tr.E. 
419 IIL.Ec.R. 14 48 IDA B36 IL.Sh.1. 14 34 I.Ec.D. 
6 05 I1.Oc.D. 15 44 I.Sh.E. 6 16 MGI Gee 18 11 T.Oc.R. 
9 44 IIT.Oc.R. 17 04 Link 6 26 IL.Sh.E. 
11 34 L.Sh.I. 9 07 IL.Tr.E. Sil 11 43 LShT- 
PA 3) LTr.l. 101 IL.Sh.1. 12 40 I.Ec.D. 13 02 Ihe el 
13 50 I.Sh.E. 3 42 IL. Trl. 16 19 I.Oc.R. 14 00 [.Sh.E. 
15 10 LIne: BuSD II.Sh.E. Ss uals 
Wt 
I. May 16 Il. May 17 Il. May 15 IV. May 8, 9 
2, =-2.1, yi = 0.0 2, =-—2.8, yi = 0.0 x, =-— 4.0, yr = 0.0 Ly == 6.2, yy =+-07] 
2 =—2.0, yo= 0.0 ro =- 4.2, yo =+0.1 


NOTE.I. denotes ingress; E., egress; D., disappearance; R., reappearance; Ec., eclipse; Oc., occultation; 
Tr., transit of the satellite; Sh., transit of the shadow. 


SATELLITES OF JUPITER, 2009 F23 
CONFIGURATIONS OF SATELLITES I-IV FOR MAY 
UNIVERSAL TIME 
d WEST EAST q WEST EAST 
, . 16.0 
; AX 
1.0 
WV mn 
2.0 e SH 
ne VY 
D: 
5.0 
6.0 . 
Il 
7.0 @z 
8.0 24.0 
9.0 dp 25.0 
10.0 N 26.0 
AO AG 
11.0 o 27.0 
12.0 #7 28.0 
13.0 af 29.0 
UI «| IV 
14.0 X 30.0 
15.0 SS = 31.0 
16.0 x 32.0 
PHASES OF THE ECLIPSES 
1 WEST EAST | III] WEST EAST 
i= 7 
d d re 
I] d IV 
Se ., e 
d fe 


F24 SATELLITES OF JUPITER, 2009 
TERRESTRIAL TIME OF GEOCENTRIC PHENOMENA 


JUNE 
d h m d h m 
1 019 Il.Ec.D. 8 14 30 I.Oc.R. I.Sh.I. 1517 ibe 2. 
SS II.Oc.R. el 18 16 | II.Sh.E. 
9 03 I.Ec.D. 9 6 39 | IISh.I. 1.Sh.E. 19 08 I.Tr.I. 
12 39 L.Oc.R. 8 06 I.Sh.I. Dink, 22 44 | IIL.TrE. 
9 21 ieabrpile I.Sh.E. 
2 259) | ellieshele 10 16 | IDL.Sh.E. I.Tr.I. 3,12 II.Sh.1. 
6 12 L.Sh.I. 10 22 L.Sh.E. I.Tr.E. SA ied bial 
616 | ITI.Sh.E. ig 37/ [TrE. 6 02 II.Sh.E. 
7 30 eines LA's) |) Wie ball. IL.Sh.1. 8 12 IL.Tr.E. 
Po |) WU bat. 1522, || Tete Be 2 58 IL. Trl. 912 LED: 
8 29 I.Sh.E. 22108 IL.Sh.I. 3 28 ILSh.E. 12 35 L.Oc.R. 
9 46 Pink: 5 49 IL.Tr.E. 
1134 | TILTrE. 10 0 31 Il.Tr.I. 7 18 EEc-D: 6 22 LSh.I. 
19 28 ii.Sh.I. 0 53 II.Sh.E. 10 47 L.Oc.R. 7 26 LTrl. 
22 03 IL. Trl. 3) Il. Tr.E. 8 39 L.Sh.E. 
22 19 II.Sh.E. 5 25 L.Ec.D. 4 28 EShal 9 44 LTrE. 
22 45 IV.Sh.I. 8 57 I.Oc.R. 5 38 rel 21.25 Il.Ec.D. 
6 45 I.Sh.E. 
3 0 54 IL.Tr.E. 2 34 I.Sh.I. iS Lok: 2B II.Oc.R. 
3) Sil L.Ec.D. 3 48 Leia 18 49 ILEc.D. 3 40 LEc.D. 
3835) IV.Sh.E. 451 I.Sh.E. 7 02 L.Oc.R. 
707 I.Oc.R. 6 05 LTr.E. 0 06 1.Oc.R. 
ial ily IV.Tr.I. 904 | IV.Ec.D. 1 47 ].Ec.D. 0 50 I.Sh.I. 
15 59 IVG0RE: 13 54 | IV.Ec.R. 5 14 TOGRe 1 54 ibibel 
16 13 Il.Ec.D. 1654 | IVShI. 3 08 LSh.E. 
4 0 40 Shel 20 47 | IV.Oc.D. 21 44 | IVSh.E. 411 ii bels 
il Sy Melb ee 21 39 Il.Oc.R. 22 56 LSh.I. 437 | IlLEc.D. 
Payal I.Sh.E. M3) Se) I.Ec.D. 8 15 IILEc.R. 
414 ital 0 05 alr ik S58 Ill.Oc.D. 
i133 37/ Il.Ec.D. } 12 2 Saree ORS O87 |) IEC: 12 31 Il.Oc.R. 
19 09 1.Oc.R. B25 I.Oc.R. 114 I.Sh.E. 16 29 Il.Sh.I. 
21 59 I.Ec.D. 20 38 | JILEc.D. DoTp) IF DEE: 18 33 earl 
ZANOZ LSh.I. 401 IV.TrI. 19 20 II.Sh.E. 
5 SS) L.Oc.R. 22 16 Jilted, 416 | ILEc.R. 21 24 IL.Tr.E. 
16 39 | IILEc.D. 23 19 I.Sh.E. Sal EOcD: 22 09 LEc.D. 
19 09 L.Sh.I. 840 | IV.TLE. 
20 18 | IILEc.R. 017 | ILEc.R. 855 | IlLOc.R. 1 29 1.Oc.R. 
20 25 rls 0 33 LTrE. 13 54 IL.Sh.I. Suli2 IV.Ec.D. 
21 26 I.Sh.E. K37 | Wl-Oc-D: 16 10 IEEE 8 02 IV.Ec.R. 
2ies25 | ThOc: See LHLOczRe 16 45 II.Sh.E. 13 01 IV.Oc.D. 
22 42 LTrE. 11 20 IL.Sh.I. 19 O1 IL.Tr.E. 17 39 IV.Oc.R. 
13 45 IL. Trl. 20 15 I.Ec.D. 19 19 I.Sh.I. 
6 S00 ULOcR: 14 11 II.Sh.E. 23 41 I.Oc.R. 20 20 Tstie 1g 
8 45 IL.Sh.I. 16 36 I. Tr.E. 21 36 I.Sh.E. 
sl 7/ RS a 18 21 IL EKeID) 25 I.Sh.I. 22 38 [cB 
11 36 II.Sh.E. D)\ ey} L.Oc.R. 18 32 abel 
14 08 IL. Tr.E. 19 42 I.Sh.E. ¢ 10 43 Il.Ec.D. 
16 28 I.Ec.D. | 14 15 31 I.Sh.1. 20 49 I.Tr.E. 15 43 II.Oc.R. 
20 02 1.Oc.R. 16 43 I.Tr.I. 16 37 I.Ec.D. 
17 48 I.Sh.E. 8 07 IL.Ec.D. 19 56 1.Oc.R. 
7 13 37 L.Sh.I. 19 00 Pink. 13 19 I1.Oc.R. 
14 53 ee 14 43 I.Ec.D. 13 47 I.Sh.I. 
15 54 I.Sh.E. 531 II.Ec.D. 18 08 T.Oc.R. 14 47 Ler: 
17 10 LIne; 10 52 I1.Oc.R. 16 05 LSh.E. 
12 50 I.Ec.D. Nl Sys! L.Sh.I. 17 05 I.Tr.E. 
8 DSS) II.Ec.D. 16 19 ROCs 12 59 LTrl. 18 39 | ULSh JI. 
8 24 1.Oc.R. 14 11 I.Sh.E. PRAT II.Sh.E. 
10 56 I.Ec.D. | 16 9 59 I.Sh.1. 1438 | TILSh.I. 22 42 Dirt: 
fi a2 )| Jere 11 tee 
I. June 15 II. June 15 III. June 12, 13 IV. June 11 


v1 =—2.0, yj = 0.0 a I a = (DY) i SS il 1 CL S=— 3.8, Yat Oe 
p= — Isp 1 v2 =- 3.8, yo=+0.2 


ate Oy 
a (0): 


1 
2 


NOTE.—I. denotes ingress; E., egress; D., disappearance; R., reappearance; Ec., eclipse; Oc., occultation; 
Tr., transit of the satellite; Sh., transit of the shadow. 


CONFIGURATIONS OF SATELLITES I-IV FOR JUNE 


SATELLITES OF JUPITER, 2009 


UNIVERSAL TIME 


P25 


EAST 


32.0 


PHASES OF THE ECLIPSES 


I 


WEST 


ore 


Qu+ 


EAST | I-WEsT 


Ou + 


EAST 


F26 SATELLITES OF JUPITER, 2009 
TERRESTRIAL TIME OF GEOCENTRIC PHENOMENA 


JULY 
i = 
d h m h m d h m h m 
1 DAO UL.Tr.E. Wl sit IL.Sh.E. | 16 12 04 1.Sh.1. 7 53 IL.Ec.D. 
5 46 IL.Sh.I. 12 54 IL.Tr.E. 12 46 |i) 11 16 LED. 
7 43 arale 1259 1.Ec.D. 14 22 1.Sh.E. i 33 1.Oc.R. 
8 37 IL.Sh.E. 16 09 HOGRe 15 04 L.TrE, 14 05 1.Oc.R. 
10 34 Il.TrE. 
11 06 I.Ec.D. 10 10 I.Sh.I. 17 5 16 II.Ec.D. 8 27 ish 
14 22 I.Oc.R. 11 01 jive |, 9 22 I.Ec.D. 8 58 JA l 
12 28 I.Sh.E. 9 35 Il.Oc.R. 10 45 I.Sh.E. 
2 8 16 I.Sh.I. 13 18 1A frie) Bi 12 20 I.Oc.R. 11 16 LTrE. 
9 14 I.Tr.l. 20371, JILBeD: 
10 33 I.Sh.E. 2 39 Il.Ec.D. | 18 6 33 I.Sh.I. 
11 31 Hes bre ey, 7 16 Il.Oc.R. WA irl, 214 Il.Oc.R. 
7 28 I.Ec.D. 8 51 I.Sh.E. 2 46 IL.Sh.I. 
3 0 02 If.Ec.D. 10 35 T.Oc.R. 9 31 lairk: 3 44 Mate: 
455 Il.Oc.R. 16 36 II.Ec.D. a37 II.Sh.E. 
5 34 I.Ec.D. 4 38 I.Sh.1. 2293 IlI.Oc.R. 5 44 I.Ec.D. 
8 49 I.Oc.R. S27. Err 6 35 IL.Tr.E. 
6 56 I.Sh.E. | 19 0 11 IL.Sh.1. 8 31 LOc.R. 
4 2 44 I.Sh.I. 7 45 ibe ae 1 28 Motels 
3 41 Jel bells 12 36 Ill.Ee.D. 3 03 II.Sh.E. 2 56 L.Sh.I. 
5 02 I.Sh.E. 19 30 I1.Oc.R. 3 50 LEc.D: 3 24 Ga & 
5 58 L.TrE. PM Byif ILSh.I. 4 20 IL. Tr.E. 5 14 L.Sh.E. 
8 36 Ifl.Ec.D. 23.12 I.Tr.L. 6 46 LOGR. 5 42 TsTRE. 


al Sa UE Beane 
12 24 | Ill.Oc.D. 


2 1 I.BerD: 
0 28 ILSh.E. | 20 1 01 I.Sh.I. 


1602 | Ill.Oc.R. 1 56 LEc.D: SS Jeilsel 0 13 LEe:D. 
19 03 IL.Sh.I. 2 03 WtrE: Bag I.Sh.E. 101 IL.Oc.R. 
20 53 IL.Tr.I. 5 01 1.Oc.R. Sheu bee, 2 57 1.Oc.R. 
21 54 I.Sh.E. 23 07 LSh.1. 18 34 ILEc.D. 21 24 I.Sh.1. 
23 44 IiirE. 23 54 Me lGigk 229 LEc.D. 21 50 L.Trl. 
22 44 ILOc.R. 23 43 LSh.E. 
5 0 02 [Ec.D. 1 25 I.Sh.E. 

3 16 1.Oc.R. Apel ire. 921 bei? 1.0c.R. 0 08 LTrE: 
PA AB L.Sh.I. Is) Sy) IL.Ec.D. 19 30 L.Sh.1. 1038 | ULSh.1. 
22 08 rls 20 25 L-Ee:D: 20 05 L.TrI. 1218-4) fT. 
23°30 I.Sh.E. 20> {L.Oc.R. 21 48 I.Sh.E. 1417 | ULShE. 

ZFS 1.0c.R. 2223 LTE. [S557] INSEE. 


6 095) TTrE. 1603 | ILShI. 
1103 | IVShLL. 1735 | USae P22) 6 38-1 TSH. 1651 | ILTrl. 
1320 | ILEc.D. 1820 | LTrl. 859 | ILTrl. 1841 | LEc.D. 
1553 | IVSh.E. 1953 | LShE. 1017 | TILSh.E. 1855 | ILShE. 
1805 | IL.Oc.R. 2038 | LTrE. 1236 | ULTrE. 1942 | ILTrE. 
1831 | LEc.D. 2120 | IVEc.D. 1329 | ILSh.I. 2122 | LOcR. 
1945 | IVTrl. 1436 | ILTrI. 

2142) “OER: 209 | IVEc.R. 1620 | ILSh.E. 1553 | LShI. 
238 | ILShLI. 1647 | LEc.D. 1616 | LTrl. 

7 022 | IVTrE. 419 | IV.Oc.D. 1728 | ILTrE. hia} SShe. 
1541 | LShI. 537 | WLTrI. 1938 | LOcR. 1834 | LTE. 
1634 | LTrl. 617 | ULSh.E. 

1759 | LSh.E. 856 | IVOcR.] 23 514 | IVShL 1030 | ILEc.D. 
18521 ATE 914 | IILTrE. 10 04 | IVSh.E. 1310 | LEc.D. 
22 38 | ILShI. 1054 | ILShIL. 1037 | IVTrl. 1409 | ILOcR. 
1220 | ILTrl. 13.58 | LSh1. 1529 | IVEe.D. 
8 240 7) unter. 13 46 | ILSh.E. 1431 | LTrl. 1548 | LOcR. 
2177) IshE: 1453 | LEc.D. 1514 | IV.TrE. 23 29 | IV.Oc.R. 
549 | ILTrE. 1512 | ILTrE. 1616 | LSh.E. 
820 | ILShLI. 1754 | LOcR. 1649 | LTrE. 
1003 | ILTrl. 
I. July 15 Il. July 17 III. July 18 IV. July 14, 15 


ty =— 1.6, yy =+ 0.1 @, =-—2.0, yi = 0.0 vy =-2.5, yy =+ 0.1 


NOTE.-IL. denotes ingress; E., egress; D., disappearance; R., reappearance; Ec., eclipse; Oc., occultation; 
Tr., transit of the satellite; Sh., transit of the shadow. 


SATELLITES OF JUPITER, 2009 27 


CONFIGURATIONS OF SATELLITES I-IV FOR JULY 


UNIVERSAL TIME 


EAST d WEST EAST 


16.0 y 
BENC'axN 


III 


I 


Ill 


32.0 


PHASES OF THE ECLIPSES 


WEST 


EAST | II] WEST EAST 


Qu + 
Ou + 


I 


Ou + 
< 

Ou + 

+ 


F28 SATELLITES OF JUPITER, 2009 
TERRESTRIAL TIME OF GEOCENTRIC PHENOMENA 
AUGUST 
Ss oon ae ae 
d h m d h m h m 
1 10 22 I.Sh.I. 9 IV.Sh.E. 13 16 Wet bela 10 35 I.Sh.I. 
10 42 Tort: 4 37 | JIL.Ec.D. ey alt IL.Sh.E. 12 38 Tek: 
12 40 I.Sh.E. Sait IV.1r.E; 13 44 LEc.R. 12553 I.Sh.E. 
13 00 ise ss, TSS IL.Sh.1. 
8 11 ILTrI. 7 8 36 IGA 7 08 Il.Oc.D. 
2 0 37 Il.Ec.D. 8 48 I1.Oc.R. 8 40 I.Sh.I. 7 34 LOcd: 
5 20 IL.Sh.1. 9 32 EEG D: 9 04 IV.Oc.D. 10 07 LEc.R. 
5) Oy IIl.Oc.R. 10 47 IL.Sh.E. 10 54 l.TrE. 10 37 II.Ec.R. 
5 58 Il. Trl. 11 03 MDI be Be 10 58 I.Sh.E. 14 59 IV.TrI. 
7 38 LEc.D. 11 58 OGRE 14 26 IV.Ec.R. 17 38 IV.Sh.I. 
8 12 IL.Sh.E. 19 39 IV.Tr.E. 
8 49 IL.Tr.E. 10 6 45 I.Sh.I. 18 452 Il.Oc.D. D2 IV.Sh.E. 
10 14 LOc.R. 6 52 Taal: 5 50 I.0c.D. 
9 03 LShE- LSD II-Ec.R. 4 46 TeEr.I. 
5 450 L.Sh.I. 9 10 L.TrE. 8 13 I.Ec.R. 5 04 I.Sh.I. 
5 08 oie 7 04 Lire. 
7209 TSH. {ii 226 ILEc.D. | 19 3 02 IBA Wer I.Sh.E. 
7 26 1.TrE: 401 L.Ee.D: 3 09 I.Sh.]. 
23 48 II.Ec.D. 3) 2 Il.Oc.R. 5 20 Line. 1225 IIL.Tr.J. 
6 24 I.Oc.R. 3) 4 I.Sh.E. 1 44 IL. Tr.I. 
4 PV LEc.D. 22309) | Tsile 2 00 1.0c.D. 
Sali W.Oc.R. | 12 114 LSh.I. 22 41 ILSh.I. 222 IL.Sh.1. 
4 40 1.Oc.R. 118 eral DRY 31 Reel: 2 42 111.Sh.1. 
23a9 LSh.1. 3) LSh-E. 23 47 IL.Sh.I. 4 36 IET&E. 
23 34 LTr.I. 3 36 Met beg et 4 36 I.Ec.R. 
1840 | ULSh.. 20 0 16 1.0c.D. 37054 | WUE: 
5 Si L.Sh.E. 18 52 IL.Tr.I. 1 46 ITr.E. 5 13 II.Sh.E. 
1S 2 eel lena 21 ILSh.I. 221 I.Sh.E. 6 21 III.Sh.E. 
14 39 IIL.Sh.I. PAN ALi Nel Bele 2, UD WIsibel se 23012 I.Trl. 
15 36 UICAGAE 22,19 II.Sh.E. 2 39 II.Sh.E. 23 33 I.Sh.1. 
18 18 IIL.Sh.E. 22 30 [.Ec.D. 2 41 I.Ec.R. 
18 37 IL.Sh.I. 22 305) Tr. 21 28 NBAE 1 30 L.TrE. 
19 04 IL. Tr.I. OST I.Sh.I. eS) | I.Sh.E. 
19 13 IILTr.£. 113) 0 04 II.Sh.E. 23 46 LIE. 20 17 Il.Oc.D. 
20 35 TEE CD? 0 09 IL Tr.E. 23 56 I.Sh.E. 20 26 1.Oc.D. 
21 29 II.Sh.E. 0 50 1.Oc.R. 23 04 L.Ec.R. 
DAES © IL TrE. 19 42 i.Sh.I. 21 18 01 IL.Oc.D. 23 56 II.Ec.R. 
23 06 1.Oc.R. 19 44 Ae 18 42 1.0c.D. 
22,0) I.Sh.E. ZLO L.Ec.R. 17 38 1 & 
6 17 48 L.Sh.I. 22 02 LTrE. 21 18 II.Ec.R. 18 02 I.Sh.I. 
18 00 Tete 19 57 I.TrE. 
20 06 I.Sh.E. | 14 15 45 II.Ec.D. | 22 15 54 Elina 20 20 I.Sh.E. 
20 18 Elbe) By 16 58 I.Ec.D.: 16 06 I.Sh.1. 
18 40 II.Ec.R. 18 12 L.TrE. 1451 Reae 
If 13 08 IL-Ec.D. 19 16 LEc.R. 18 25 I.Sh.E. 14 $2 1.0c.D. 
15 04 Ee: 15.00 | Il.Oc.D. 
16 25 MOGRe 1 14 10 idle 23 11 42 I1.Oc.D. 15 39 IL.Sh.1. 
732 T.Oc.R. 14 11 I.Sh.1. PESO) IL. Trl. 17 33 T.Ec.R. 
16 28 Gre eh 13 04 ILSh.I. 17 43 ILTr.E. 
8 12 16 I.Sh.1. 16 30 L.Sh.E. 13 08 1.0c.D. 18 31 IL.Sh.E. 
12 26 etrels 15 29 ILTr.E. 20 17 IIl.Ec.R. 
14 35 I.Sh.E. | 16 8 27 II.Oc.D. 15 39 ].Ec.R: 
14 44 oi Bee, 10 24 IL.Tr.I. 15 56 ILSh.E. 12 05 LT, 
DIS es} IV.Sh.1. 10 29 ILSh.I. 16 16 IUL.Ec.R. 12 30 I.Sh.1. 
11 24 I.Oc.D. 14 23 LTE. 
9 0 53 IV.Tr.l. 12 15 IIl.Ec.R. | 24 10 20 beh 14 49 L.Sh.E. 
I. Aug. 16 II. Aug. 18 Ill. Aug. 16 IV. Aug. 17 


a2 =+ 1.0, yo =+ 0.1 to =+ 1.1, yo = 0.0 toatl, yo =+ 0.1 x2 =+ 1.3, yg =+ 0.2 


NOTE.—I. denotes ingress; E., egress; D., disappearance; R., reappearance; Ec., eclipse; Oc., occultation; 
Tr., transit of the satellite; Sh., transit of the shadow. 


SATELLITES OF JUPITER, 2009 P29 


CONFIGURATIONS OF SATELLITES I-IV FOR AUGUST 


UNIVERSAL TIME 


d WEST EAST d WEST EAST 
0. 


6) Y 16.0 
It 
1.0 S 17.0 


Rab ee aR 


32.0 
PHASES OF THE ECLIPSES 


I WEST EAST | Il WEST EAST 


(D 


II as IV SS, 


ry 


F30 SATELLITES OF JUPITER, 2009 
TERRESTRIAL TIME OF GEOCENTRIC PHENOMENA 


SEPTEMBER 
d h m d h m h m 
1 9 18 1.Oc.D. L.TrL. 16 =13 08 L.Sh.E. 10 52 ILTrI. 
9 25 IL.Oc.D. L.Sh.1. 1S L.Ec.R. 
12 02 1.Ec.R. IEE Wal TEMS LOGD: 12 43 ILSh.I. 
1133 15) ILEc.R. I.Sh.E. 8 33 ILTr. 13 43 ILTr.E. 
10 07 ILSh.1. 1459 | ULTrI. 
2, 6 31 L Trl. I.Oc.D. 10 20 LEc.R. 15 34 IT.Sh.E. 
6 59 L.Sh.I. ore 11 24 ILTrE. 337 | eine: 
8 49 a hne) Bl IL.Sh.1. 1729 |) Wick 18 48 | ILSh.1. 
917 I.Sh.E. ULTrI. 12739 IL.Sh.E. 22 25 | DLSbE. 
23220 e lOc D: I.Ec.R. 1445 | I1L.Sh.1. 
IL.Tr.E. 15:07 | IN-TrE 6 18 ES el 
3 3 44 1.0c.D. IL.Sh.E. 18 24 | IILSh.E. WANs) I.Sh.1. 
3 59 IL.Trl. TL.Sh.1. 8 35 Sela 
444 | JILTr1. TLTrE. | 18 4 30 igi Belle 9°32 I.Sh.E. 
457 IL.Sh.I. L.Sh.E. > 19 LSh.1. 
6 30 LEc.R. 6 48 bale, 3 29 1.Oc.D. 
643 | ULSh.I. 1.TrL. 73m I.Sh.E. 5 36 I.Oc.D. 
6 50 IL.Tr.E. L.Sh.1. 6 44 LEc.R. 
7 48 IL.Sh.E. I.TrE. | 19 1 42 1.Oc.D. 10 29 ILEc.R. 
821 | ILTrE. IV.Tr.l. 3 13 11.0c.D. 
836 | IV.Ec.R. I.Sh.E. 4 49 L.Ec.R. 0 45 ila l 
10 22 | II.Sh.E. IV.Tr.E. 7 Bill ILEc.R. 1 44 E Sh. 
IV.Sh.1. 14.07 | IV.Oc.D. 3 02 I.Tr.E. 
4 0 57 Lory, IV.Sh.E. 18 49 | IV.Oc.R. 401 I.Sh.E. 
1 28 L.Sh.1. I.Oc.D. 22 04 | IVEc.D. 20 36 | IV.Trl. 
BullS Lire. 22ST bale 21 56 1.0c.D. 
3 46 I.Sh.E. IL.Oc.D. 23 48 L.Sh.L. 
22 10 1.0c.D. L.Ee.R. 0 03 IL Trl. 
22 34 IL.Oc.D. I.Ec.R. | 20 114 LTrE. 1 I.Ec.R. 
LTrl. 2 06 I.Sh.E. 148 | IVTrE. 
5 0 59 IEc.R. L.Sh.1. 245 | IVER. 2 00 IL.Sh.1. 
2 34 ILEc.R. lies 20 08 1.Oc.D. 2 54 ILTr.E. 
19 24 L Trl. 21 42 Leel: 440 | I1LOc.D. 
19 57 L.Sh.1. LSh.E. 23 17 LEc.R. 452 II.Sh.E. 
21 42 Dre. 1.Oc.D. 23125 I.Sh.1. 608 | IV.Sh.1. 
229 I.Sh.E. IL Tr. 819 | Ill.Oc.R. 
Shits 21 0 33 ILTr.E. 8 42 | IUEc.D. 
6 §=616 36 1.Oc.D. LEc.R. 110 | Ifl.Oc.D. 10 48 | IV.Sh.E. 
17 07 ILTrI. L.Oc.D. 2 16 ILSh.E. 1221 | SIREGRS 
18 14 IL.Sh.1. ILTr.E. 8 20 | II-Ec.R. 19 12 gid 
18 20 | If1.Oc.D. II.Sh.E. 17 24 LTr.l. 20 12 L.Sh.1. 
19 28 L.Ec.R. 18 17 L.Sh.1. 21 30 LTrE. 
19 58 IL. Tr.E. IILEc.R. 19 41 Paine: 22 30 I.Sh.E. 
21 06 IL.Sh.E. LTrl. 20 34 I.Sh.E. 
1.Sh.1. 16 23 1.0c.D. 
7 018 | Il-Ec.R. ITrE. —22 1435 1.Oc.D. 18 47 11.0c.D. 
13 50 [Trk I.Sh.E. 16 24 I1.Oc.D. 19 43 LEc.R. 
14 26 LSh.I. 17 46 LEc.R. 23 48 IL.Ec.R. 
16 08 L.TrE. 1.0c.D. 21 10 ILEc.R. 
16 44 I.Sh.E. 11.0c.D. 13°39 LTr.l. 
MER 25- ~ Tiesi LTrI. 14 41 LSh.1. 
8 1103 1.Oc.D. Il.Ec.R. 12 46 L.Sh.1. SSH LTr.E. 
11 43 11.0c.D 14 08 Link 16 59 L.Sh.E. 
13 56 LEc.R. iM bedk 15 03 I.Sh.E. 
[S5e53 IL.Ec.R. L.Sh.1. 
I.TrE. | 24 9 02 1.Oc.D. 
I, Sept. 15 II. Sept. 15 Ill. Sept. 14 IV. Sept. 19, 20 


Ry= + 2.3, ay = 02 


fo = 17, yo = 0.0 go =1+2.1, yo= 0.0 zo =+2.6, yo =+0.1 v2 =+ 4.3, yo =+ 0.2 


NOTE.—I. denotes ingress; E., egress; D., disappearance; R., reappearance; Ec., eclipse; Oc., occultation; 
Tr., transit of the satellite; Sh., transit of the shadow. 


SATELLITES OF JUPITER, 2009 F31 


CONFIGURATIONS OF SATELLITES I-IV FOR SEPTEMBER 


UNIVERSAL TIME 


ad WEST EAST dq WEST EAST 
0.0 16.0 

1.0 17.0 pf 

2.0 18.0 

3,0 19.0 

4.0 20.0 

5.0 21.0 

6.0 22.0 

7.0 23.0 

8.0 24.0 

9.0 25.0 
10.0 26.0 
11.0 27.0 
12.0 28.0 
13.0 29.0 
14.0 ara 30.0 
15.0 x 31.0 
16.0 ING 32.0 

PHASES OF THE ECLIPSES 
I WEST EAST | IT] WEsT BAST 


I 


=, 
IV ams 


F32 SATELLITES OF JUPITER, 2009 
TERRESTRIAL TIME OF GEOCENTRIC PHENOMENA 
OCTOBER 
d h m d h m d h m d hy im 
1 10 50 [.Oc.D. 8 20 45 IL. Sh.E. 16 10 30 IL.Sh.E. | 24 10 50 1.0c.D. 
13 14 IL.Tr.l. 2D IfL.Tr.I. 11 48 Gink 14 25 LEc.R. 
14 10 I.Ec.R. 13 02 LSh.I. 15,29 1.Oc.D. 
15 18 IL.Sh.1. 9 1 49 UL.Tr.E. 14 05 LTrE. 2A 02 ILEc.R. 
16 05 IL.Tr.E. 2 S2 II.Sh.I. 15 19 I.Sh.E. 
18 09 II.Sh.E. 6 29 III.Sh.E. 25 8 09 Le Ga 
18 33 I.Tr.1. OUST, Leh 17 8 58 1.0c.D. 9 27 LSh.I. 
22 10 UI.Tr.E. 11 06 I.Sh.1. 12 29 LEO Re 10 26 LIrk. 
22 50 ILSh.I. 12 14 ibel sp IDS 7. Il.Oc.D. 11 43 ESE: 
18s I.Sh.E. 18 24 II.Ec.R. 
Y ee, TIL.Sh.E. 26 5 18 LOcD: 
8 07 EIGEN 10 7 07 1.Oc.D. | 18 6 16 IE GAL 8 53 ].Ec.R. 
9 10 I.Sh.1. 10 28 II.Oc.D. HSM I.Sh.I. 9 50 LE Ged le 
10 24 eel 10 34 LEc.R. 8 34 LIrk. 12 24 ILSh.1. 
11 28 I.Sh.E. 15 46 II.Ec.R. 9 48 I.Sh.E. 12 41 ITE: 
15.15 II.Sh.E. 
3 3 NY LO¢.D: | 11 4 25 edhe 19 3 26 1.0c.D. 19 31 [Il.Oc.D. 
8 00 I.Oc.D. S35) I.Sh.I. 6 58 I.Ec.R. 230s IOC RY 
8 39 I.Ec.R. 6 42 ink: 7 20 Tete: 
13 07 II.Ec.R. Gf I.Sh.E. 9 48 ILSh.I. D7. 0 48 III.Ec.D. 
10 10 Il.Tr.E. 2 38 IMbae 
4 2 34 Tel: 12 1 34 LOG: 12°39 IL.Sh.E. 3°56 L.Sh_I. 
3 39 I.Sh.I. 4 52 IL. Tr.I. 15 41 Il.Oc.D. 4 26 Ili.Ec.R. 
452 Bre Bi 5 03 L.Ec.R. 19 20 Il.Oc.R. 455 haze 
3) I.Sh.E. WAM IL.Sh.1. 20 47 Il.Ec.D. 6 12 L.Sh.E. 
23 45 LoOeD 7 42 Tires 23 46 L.Oc.D. 
10 03 Il.Sh.E. | 20 0 24 IIl.Ec.R. 
5 2 26 IL Tr. il 35) Il.Oc.D. 0 44 il del @ 28 3 22 L.Ec.R. 
SiO Sa eeelne Cee 15 34 IlI.Oc.R. 2 00 I.Sh.[. 4 46 Il.Oc.D. 
4 36 IL.Sh.1. 16 45 III.Ec.D. 3 02 1.TrE. 10 21 II.Ec.R. 
3 7 I.TrE. 20 23 IIL. Ec.R. 417 I.Sh.E. 21 06 iBibaAe 
GY II.Sh.E. Pip) Sp led laa! 21 54 1.0c.D. 2225 I.Sh.I. 
8 15 IlI.Oc.D. 23°23 ].Tr.E. 
11 54 IL.Oc.R. | 13 0 04 TeShele 21 i Day LEc.R. 
12 43 Ill.Ec.D. 1K) [.Tr.E. eee MOGD AI 29 0 41 I.Sh.E. 
16 21 IlI.Ec.R. Deo I.Sh.E. 7 43 IL.Ec.R. 18 15 LOCI, 
21 02 Lebrele 20 02 LOc.D. 19 13 ira t OAS LEc.R. 
22 08 I.Sh.1. 2332) I.Ec.R. 20 29 I.Sh.1. 23 06 Il.Tx.1. 
2319 get, 23 42 II.Oc.D. 21 30 \Mbaon 
22 46 I.Sh.E 30 1 42 IL.Sh.I. 
6 0 25 I.Sh.E. 14 5 04 II.Ec.R. 1 57 IL.Tr.E. 
5 46 IV.Oc.D. 12 44 IVAIGELE 22 16 22 I.0c.D. 4 33 II.Sh.E. 
10 30 IV.Oc.R. 17 20 Mert: 19 56 I.Ec.R. 9 36 UL.Tr.I. 
16 18 IV.Ec.D. 17 28 IV.Tr.E. 20 35 IL.Trl. 13y13 I.TrE. 
18 12 1.0c.D. 18 33 I.Sh.1. 22 25 IV.Oc.D. 14 57 IIL.Sh.I. 
20 56 IV.Ec.R. 19 38 kaon 23 06 IL.Sh.1. 1535 Tete 
STN: Il.Oc.D. 20 50 I,Sh,E. IEP) IL.Tr.E. 16 53 I.Sh.1. 
PW RNS) I.Ec.R. 17-52 LTrE. 
15 0 24 IV.Sh.I. 23 il aye II.Sh.E. 18 32 II.Sh.E. 
7 2 26 Il.Ec.R. 5 01 IV.Sh.E. Sait IV.Oc.R. 19 10 I.Sh.E. 
15 29 iba fre 14 30 1.0c.D. 5 43 I.Tr.l. 
16 37 1.Sh.1. 18 00 LEc.R. 9 20 Il.Tr.E. 31 3.55 IV.Tr.I. 
17 47 RIRE, 18 06 Trl. 10 31 IV.Ec.D. 10 40 IV.TrE. 
18 54 I.Sh.E. 20 30 I1.Sh.1. 10 55 IL.Sh.I. 12 43 I.Oc.D. 
20 56 Hi El et ek 13 41 IEA hel 16 20 I.Ec.R. 
8 12 39 1.Oc.D. DIY II.Sh.E. 14 31 IIL.Sh.E. 18 04 Il.Oc.D. 
15 39 JME el 14 58 I.Sh.I. 18 41 IV.Sh.I. 
16 05 I.Ec.R. | 16 155 IL.Tr.l. 15 07 IV.Ec.R. 23 14 IV.Sh.E. 
17 54 IL.Sh.1. Doe, I.TrE. 15 58 L.Tr.E. 23 40 II.Ec.R. 
18 29 Mba os 6 54 ILLSh.I. 17 14 1.Sh.E. 
P@ctass) Wi Ore ANG Oct 2 IVEOCte23 
Ciaet Oy) = 0 cy = + 4:0, 4 = + 02 
Gop te.05, Wo =. 10,0 hip toe OhGiy ip) — 00) rq =+ 3.6, yo= 0. 2 =+5.9, yo=+ 0.1 


NOTE.—I. denotes ingress; E., egress; D., disappearance; R., reappearance; Ec., eclipse; Oc., occultation; 
Tr., transit of the satellite; Sh., transit of the shadow. 


SATELLITES OF JUPITER, 2009 F33 
CONFIGURATIONS OF SATELLITES I-IV FOR OCTOBER 
UNIVERSAL TIME 
dad WEST EAST d WEST EAST 
0.0 16.0 
IV 

1.0 11 77{0) 
2.0 18.0 
3.0 19.0 
4.0 20.0 

I] 
5.0 21.0 
6.0 22.0 
7.0 mM 23.0 
8.0 24.0 
9.0 _ 20.0 We 
10.0 26.0 

Ill iN 1) i 
11.0 27.0 Lhe 
12.0 28.0 i 
13.0 II 29.0 Wy, 
14.0 : 30.0 pies 
15.0 = ci ft) C 
16.0 ay 0) \ 
PHASES OF THE ECLIPSES 
I WEST EAST | II] WEST EAST 
+ a rf 
ie d if 
I _ IV 
ay Ba. 
d r 


F34 SATELLITES OF JUPITER, 2009 
TERRESTRIAL TIME OF GEOCENTRIC PHENOMENA 


NOVEMBER 
i Te aie | 
d h m d h m d h m 
1 10 03 Tatas Ss 2051 IV.Oc.R. | 16 14 40 [.Ec.R. 20 15 IL.Tr.L. 
2 I.Sh.I. 135 IL.Tr.I. 22 50 ILSh.I. 
12 20 I.TrE. 9 446 | 1V.Ec.D. Dale IL.Sh.I. 23 06 Dirk. 
13 39 I.Sh.E. 9 07 LOc.D. 20 26 I.TrE. 
918 IV.Ec.R. 23 05 ILSh.E- 1 42 II.Sh.E. 
2 FEM I.Oc.D. 12 44 LEc.R. 10 21 alba 
10 49 I.Ec.R. 14 58 I.TrL. 17 0 05 IV.Tr.I. 11 37 Iil.Oc.D. 
es NEIEAl, LT 387 IL.Sh.I. 4 50 IV. Tek; 11°39 LSh.I. 
15 00 II.Sh.I. 17 49 IL. TrE. 7 30))|| TOD: 12 38 LTr.E. 
15 14 IL. Tr.E. 20 28 II.Sh.E. 8 24 JEU Ere 13555 L.Sh.E. 
17 51 II.Sh.E. 9 43 I.Sh.1. 15 16 IIl.Oc.R. 
2B EY 1.Oc.D. | 10 3 26 I.Oc.D. 10 41 l.TrE. 16 55 Ill.Ec.D. 
627 LTrl. 1109 | ULOc.R. 20 32 II.Ec.R. 
3 3/06) | UlOciR: 7-05) TOR! ilies) I.Sh.E. 
4 32 ibe k, 747 L.Sh.I. 1254 | IEcD. 7 29 1.0c.D. 
451 Ii. Ee:D. 8 44 Paliek: 12 58 IV.Sh.I. 10 41 IV.Oc.D. 
Bye! I.Sh.I. 852 I-Ec.D. 1630 | ILEc.R. 11 04 I.Ec.R. 
6 49 I Wel a 10 04 LSh.E. 17 27 IV.Sh.E. 15 20 Il.Oc.D. 
8 08 I.Sh.E. 12 29 II.Ec.R. 15 27 IV.Oc.R. 
8 28 II.Ec.R. 18 5) Sill I.Oc.D. 20 52 Il_Ec.R. 
11 B30 1.0c.D. 9 09 I.Ec.R. 23 01 IV.Ec.D. 
4 1 40 I.Oc.D. cas T.Ec.R. 1239 II.Oc.D. 
5 18 L.Ec.R. 9 59 II.Oc.D. 18 14 II.Ec.R. 3 29 IV.Ec.R. 
GAN Il.Oc.D. 15) 37), II.Ec.R. 451 Biba 
12 59 NEECIRS 19 DXB) ive 6 08 I.Sh.I. 
23 01 Eick 1; 0 56 Lire 4 12 I.Sh.I. TOF LTrE. 
2 16 I.Sh.I. 5 10 LTrE: 8 24 L.Sh.E. 
5 0 20 I.Sh.I. B13 l.TrE. 6 28 I.Sh.E. 
118 Lei Gehl 4 33 I.Sh.E. 158 1.0c.D. 
DSi) I.Sh.E. 22 04 1.0c.D. | 20 0 01 1.Oc.D. 5 33 LBs: 
20 09 I.Oc.D. 3 38 LEc.Rs 9 35 IL. Tr.I. 
23 47 LEc.R. “| 13 1 42 TECR: 6 55 Wer. 12 09 II.Sh.I. 
417 I. Tr.I. oe II.Sh.1. V2, 7 Dick: 
6 1 40 WIirk 6 55 IL.Sh.1. 9 46 HerB: 15 00 II.Sh.E. 
418 II.Sh.1. 707 IL. TrE. Is: IL.Sh.E. 23 20 LP be) 
431 ThiinE: 9 46 II.Sh.E. 21 22 1 Wl 
7 10 II.Sh.E. Lie35: |) Wii 2142 | U1.Trl. 0 37 I.Sh.I. 
13595) IL.Tr.l. 19 25 L.Trl. 22 41 I.Sh.I. 137. RIPE. 
17 10 L.TrE: 20 45 I.Sh.I. 23 39 Lik: rPS2 TILTr.l. 
17 30 ieitre) ( 2 US ILTrE. 2 53 I.Sh.E. 
18 49 I.Sh.I. 21 42 L.TrE. | 21 0 57 I.Sh.E. 5 30 IL.Tr.E. 
18 59 IIL.Sh.I. 23 02 I.Sh.E. 1S I. Tr. 7 06 IWL.Sh.I. 
19 46 IB bel at, 23 02 I.Sh.I. 3 04 | ULSh 1. 10 41 IL.Sh.E. 
21 06 I.Sh.E. 6 38 IL.Sh.E. 20 27 1.0c.D. 
22 34 IIL.Sh.E. | 14 2 36 1.Sh.E. 18 30 1.0c.D. 
16 33 1.0c.D. 22 06 I.Ec.R. 0 02 I.Ec:R. 
W 14 38 1.Oc.D. 20 11 LEc.R. 4 42 Il.Oc.D. 
18 15 LEcR: 23 19 TOC a 22 199 Il.Oc.D. 10 il II.Ec.R. 
20 40 IL.Oc.D. 138 ILEc.R: 17 50 ibe 
15 4 56 IL.Ec.R. S92 Lil bal G 19 06 I.Sh.I. 
8 2 18 IL Ec.R. Ney) tie 17 10 L.Sh.I. 20 06 TRB: 
11 59 L.Trl. 15 14 I.Sh.1. 18 09 L.TrE. Di 2a, I.Sh.E. 
13 18 L.Sh.1. 16 11 LTrE. 19 26 L.Sh.E. 
14 15 PA a, 17 30 I.Sh.E. 14 57 I.Oc.D. 
159 215) I.Sh.E. 23 12 59 I.0c.D. 18 31 LEc.R. 
16 05 IV.Oc.D. }| 16 11 02 L.Oc.D. 16 35 [.Ec.R. 22 56 IL.TrI. 
I. Nov. 16 II. Nov. 15 Ill. Nov. 17 IV. Nov. 9 


Cp 14.35 y= + 012 


21 =t2.0,y) = 0: 
0 be=+ 6.1, yo =+ 01 


t=+2.1, yo= 0.0 x2 =+2.8, yo = 0.0 tg =+ 3.9, yo = 


NOTE.-I. denotes ingress; E., egress; D., disappearance; R., reappearance; Ec., eclipse; Oc., occultation; 
Tr., transit of the satellite; Sh., transit of the shadow. 


SATELLITES OF JUPITER, 2009 F35 
CONFIGURATIONS OF SATELLITES I-IV FOR NOVEMBER 
UNIVERSAL TIME 
d WEST EAST qd WEST EAST 
0.0 UY 16.0 
a 
1.0 . 17.0 
2.0 18.0 
3.0 19.0 
4.0 20.0 
5.0 Wl 21.0 
6.0 22.0 
A, 
7.0 xq 23.0 
8.0 AS 24.0 
9.0 Say 25.0 
10.0 ip 26.0 
11.0 C 27.0 
S 
12.0 wax 28.0 
I 
14.0 ul. fy 30.0 ik 
15.0 | 31.0 
Ill > 
16.0 Z| 32.0 
PHASES OF THE ECLIPSES 
1 WEST EAST | II] WEST EAST 
O: | 
if i. 
ar + + 
d ne 


F36 SATELLITES OF JUPITER, 2009 
TERRESTRIAL TIME OF GEOCENTRIC PHENOMENA 


DECEMBER 
d h m d h m d h m d h m 
1 27 IL.Sh.I. S- 20°04 | UWLOcD, | ter 23°33 MOcD: F925 9 55 1.0c.D. 
1 47 IL. Tr.E. 23 43 | Ill.Oc.R. 13S LEc.R. 
419 II.Sh.E. ly 4 44 ILEc.R. 20 33 ETE. 
12 19 tel 9 059 | III.Ec.D. 10 47 eel 22S II.Sh.I. 
13 34 I.Sh.I. 435 | IIlEc.R. iMLESS5) 1.Sh.i. 23 26 IL.TrE. 
14 36 JEaNe) 8, Pl 25 I.Oc.D. 13 04 IA rel 8 
15 49 | Ii.Oc.D. 14 55 LEc.R. 14 11 TShiE: 26 1 30 II.Sh.E. 
Sy Sil I.Sh.E. 20 48 II.Oc.D. 718 Gurl 
19 28 | IlLOc.R. 18 7 55 TOD: 8 19 L.Sh.I. 
20/57 | WEG De "1.0 2 07 Il.Ec.R. 11 20 I.Ec.R. 9 35 enEE:. 
8 48 UAL 17 46 IL.Tr.I. 10 35 I.Sh.E. 
DD 033 | IILEc.R. 9 59 shi 20 00 IL.Sh.1. 1903 | ULTr. 
9 26 1.Oc.D. 11 05 are) By 20 39 ILTr.E. 22 41 ULTr.E. 
13 00 I.Ec.R. 1215 I.Sh.E. Wad, Sp) II.Sh.E. 23-138) Shel: 
18 03 If.Oc.D. 
23 29 Il.Ec.R. } 11 5 55 I.Oc.D. | 19 Silly Tate: 27 2 46 | III.Sh.E. 
9 24 L.Ec.R. 6 23 LSh.I. 4 25 LOD. 
3 6 49 Lena 15 01 I. Trl. 7 34 L.Tr.E. 7 44 LEc.R. 
8 03 Shs 7 23 II.Sh.1. 8 40 I.Sh.E. 15 44 II.Oc.D. 
9 06 I.TrE. 17 53 ET AB 14 41 .Tr.I. 20 39 IL.Ec.R. 
10 20 I.Sh.E. 20 15 II.Sh.E. 1819 | IILTrE. 
19 08 INAlbAE 19 11 IL.Sh.I. 28 1 48 ET r.1. 
23593 IV.TrE. | 12 3 18 Tir le 22 45 | ILI-Sh.E. 2 48 1.Sh.I. 
4 28 I.Sh.I. 4 05 LTrE. 
4 3 56 I.Oc.D. Sy eis) LTrE. | 20 2s TOcD; 5 04 I.Sh.E. 
WENO 4) IESInh 603 | IV.Oc.D. 5 49 L.Ec.R. 2259 1.Oc.D. 
ix) I.Ec.R. 6 44 I.Sh.E. 2S Il.Oc.D. 
11 41 IV.Sh.E. 10:22 9) TT 1454 | IV.Trl. 29 203° IV.OcD. 
127 eel: 10 48 | IV.Oc.R. 18 02 II.Ec.R. 213 I.Ec.R. 
14 46 II.Sh.1. 1400 | ILLTrE. 1938 | IV.TrE. 6 45 IV.Oc.R. 
15 09 Nib B FS LO) TSht 23 47 ibihel OSV Eibae 
SH II.Sh.E. GPG | IAL See BY: H1E320))) IVEED: 
18 44 | IILShE. | 21 OS2 I.Sh.I. 11 56 IL.Sh.I. 
5 lS bel b 21 40 | IV.Ec.R. 134 | IVSh.1. 12 50 ILTr.E. 
2 32 LSh.I. 2 04 L.TrE. 14 49 II.Sh.E. 
3°35 Ikihale, i133 0 25 1.Oc.D. 3 09 I.Sh.E. 15 50 | IV.Ec.R. 
449 I.Sh.E. 3h 533} I.Ec.R. 5 54 | IV.Sh.E. 20 18 Riek 
606 | Ul.Trl. 10 11 Il.Oc.D. 20 55 I.Oc.D. QIVAT 1.Sh.I. 
943 | TILTrE. 525 IL.Ec.R. 22°35 bel Se 
1108 | JI.Sh.1. 21 48 ere 22 017 I.Ec.R. 23:33 I.Sh.E. 
1442 | IILSh.E. WDD SSI) LSh.I. 7 09 Deel 
2226 1.O0c.D. 9 19 IL.Sh.1. 30 907 | IL.Oc.D. 
14 0 04 Jie Gell ig 10 02 ILTr.E. 12745) TOE. R: 
6 1 58 I.Ec.R. pas L.Sh.E. 12 11 IL.Sh.E. 13 05 43 III-Ec.D. 
7 OS IL.Oc.D. 18 55 LOD: 18 17 BIG ae 16 40 | III.Ec.R. 
12 48 II.Ec.R. 22°22 L.Ec.R. 19 21 I.Sh.I. 17 26 I.0c.D. 
19 48 Jat bie 20 34 I.Tr.E. 20 42 I.Ec.R. 
21 01 I.Sh.1. 15 4 23 IL.Tr.I. 21 38 I.Sh.E. 
22 05 |e tig Be 6 41 IL.Sh.I. 31 5 U8 Il.Oc.D. 
23 18 I.Sh.E. 7 16 Ieee a) 23: 444 | II.Oc.D. 9 57 ILEc.R. 
9 33 II.Sh.E. $:23'4| MOR: 14 48 Ii balk 
7 16 55 I.Oc.D. 16 17 Ini brell 9 04 | III.Ec.D. 15 45 L.Sh.I. 
20 26 I.Ec.R. 17 26 I.Sh.I. 1239 1) TItBheR: 17 05 Lire: 
18 34 I.Tr.E. 15/25 I.0c.D. 18 02 I.Sh.E. 
8 1 39 IL. Trl. 19 42 I.Sh.E. 18 46 I.Ec.R. 
4 04 II.Sh.I. 11 56 I.Oc.D. 
431 Nelo 16 022 | WOc.D, } 24 2 20 1L.Oc.D. 15 11 T.Ec.R. 
6 56 II.Sh.E. 401 I.Oc.R. 7 20 ILEc.R. 232i eT. 
14 18 rere 5 01 III.Ec.D. 12 48 rele 
15 30 I.Sh.1. 8 37 | II.Ec.R. 13 50 I.Sh.I. 
16 35 I.TrE. lisp 25) IK@yonD), 15 05 LTrE. 
17 46 I.Sh.E. 16 51 I.Ec.R. 16 06 I.Sh.E. 
I, Dee: 16 II; Dec= 17 Ill. Dec. 16 IVeDeos 12 
ag ae Ih, Hie se0)I| oe 3:05 U1 — 2 OZ 
zg =+2.0, yo = 0.0 v2 =+ 2.5, yo= 0.0 vq =+3.5, yo=+ 0.1 vg =+ 5.4, yo =+ 0.2 


NOTE.—I. denotes ingress; E., egress; D., disappearance; R., reappearance; Ec., eclipse; Oc., occultation; 
Tr., transit of the satellite; Sh., transit of the shadow. 


SATELLITES OF JUPITER, 2009 E39 
CONFIGURATIONS OF SATELLITES I-IV FOR DECEMBER 


UNIVERSAL TIME 
EAST d WEST EAST 
16.0 


1 NN ‘ 


—| 26.0 6) 
"Vay vera 
11.0 27.0 


15.0 ig 31.0 
16.0 x! 32.0 
PHASES OF THE ECLIPSES 
I WEST EAST | II WEST EAST 


May 


June 


— 
SCSANDHR WN 


a 
Dawe 


GALILEAN SATELLITES, 2009: OCCULTING PAIRS 


Satellite End | Date Start Satellite End Date Start Satellite End 
Pairs Time Time Pairs Time Time Pairs Time 
h m h m h m h m h m hm 
05 42 IV — I 05 50 June 17 07 15 Il -I 07 18 Oct. 21 12 09 I-Il 12 16 
03 04 | IV-I 03 09 18 14 19 I-Il 14 26 Dp mil ii —I 23 18 
07 23 I-IV | 0735 22 03 25 I-I 03 31 24 00 31 Iii — i 00 40 
09 58 I-IV 10 08 23 03 55 I — Il 04 01 25 01 18 I-J 0125 
23 55 I- Ill 24 00 25 16 30 I-I 16 37 26 15 39 Il — I 15 45 
00 52 Ii —I 00 57 29 05 35 I-I 05 42 28 14 27 I-Il 14 34 
06 21 IV -Il 06 36 July 2 18 41 1-I 18 47 30 02 03 It —I 02 10 
13 05 IV -I eS we) 6 07 45 I-Il 07 52 31 03 54 il — 1 04 03 
0447 | IV-U 05 01 9 20 50 I-I 20 57 Nov. 1 03 37 I-I 03 43 
1456 | IV-II 15 09 ibs! 09 55 I-I 10 02 Dy 18 49 Il — Il 18 56 
02 58 I- Ul 03 05 16 23 00 i-I 23 08 4 16 46 I-I 16 52 
03 45 Ii -I 03 51 20 12 04 I-T 12) 1:2 5 23 49 Il-I 23 54 
2\ 25 II—-IV | 21 33 24 01 09 I-f 01 18 6 05 05 Iii -I1 05 13 
05 54 I- Il 06 01 DEH 14 14 I-I 14 23 7 07 19 Il — I 07 28 
11 20 Il —- ll 11 26 31 03 20 I-I 03 30 8 05 56 I-I 06 02 
09 30 I-l 09 34 Aug. 3 16 26 I-I 16 36 9 12,56 Il-I 13 01 
06 39 ii -—I 06 46 4 22 48 Iii — U 22°57 9 22 02 Il — I 22 09 
22 38 I-II 22 43 if 05 33 I-I 05 44 11 19 06 I-IT 1912 
08 46 I- Il 08 53 10 18 40 I-I 18 51 13 02 03 Il-I 02 08 
14 43 Il — lll 14 50 12 02 04 Ii — 02-17, 13 08 23 Iii -I 08 34 
11 47 I-Il Il 52 14 07 48 I-I 08 O01 13 22 20 Ii —I 22 47 
04 57 Ill — I 05 02 15 00 25 I-I 01 09 14 06 12 ii -—I 06 30 
09 35 Iii-I 09 43 16 16 57 I — Ill 17 32 14 10 46 Ii — 1 10 55 
18 12 Il -I 18 16 17 20 58 I-I 21 We 1S 08 16 I-IU 08 22 
00 55 I-I 01 00 18 14 25 I-U 14 49 16 1Sil4 Il-I 15 16 
10°35 I- Il 11 41 19 05 32 Il — Il 05 48 1G 01 19 Il — I O01 26 
18 03 Ii — Ul 18 10 21 10 10 I-I 10 25 18 21 26 I-Il Divs? 
07 19 Il -I 07 24 22 03 59 I-Il 04 18 20 04 19 Il-I 04 24 
14 03 I-Il 14 09 24 23125 I- Il 23 40 20 12 14 Il -I 12°31 
08 19 I — I 08 26 25 1722 I-I ABs: 21 10 15 li-I 10 24 
1235 Il — I 12 43 26 09 15 Il — i 09 37 Pil 14 15 Il — I 14 23 
20 26 II —-I 20 31 28 12 41 I-I 13 00 22 10 36 I-ll 10 42 
Osmit I-I OSM 29 06 41 I- if 06 55 2 L727 Il-I 132 
2120) II — Ill CAP AT Sept. 1 02 03 I- Il 02 25 24 04 39 Il — I 04 46 
09 33 Il -1 09 38 1 19 56 I-I 20 09 25 23 46 I-I 23)\ 52 
16 19 I-III 16 25 2 8) Si4/ Ii — 14 10 Di 06 36 Il-I 06 41 
11 39 Il — I 11 48 4 ily BF I-U 16 06 28 13 43 Ill — I 13 48 
15 40 lit -I 15 49 5 09 09 {- Il 09 21 28 17 45 Il — Il LIES 2 
22 39 II -I 22 44 6 10 04 I — Ill 10 56 29 12457 I-I 13 03 
05 27 I- I 05 33 6 11125 I — Ill 13 30 30 19 45 Il-I 19 50 
00 34 Il — Hl 00 41 8 OS735 I- Il 06 36 Decs \l O08 02 Il —- Ul 08 10 
11 45 Il-I 11 50 8 06 58 I-l 07 00 3 02 08 I-Il 02 14 
18 34 I-I 18 40 8 06 59 I- Il OFS 4 08 54 Il-I 09 00 
14 57 I — If 15707 8 DM I-Il a Se 5 21 ANG Il — Il 22D, 
18 57 I —I 19 07 12 Ih oye I-I 11 42 6 15 19 I-I 1525 
16 54 Iil-I 17 06 16 00 42 I-I 00 51 fi 22 04 Il-I 22 10 
00 50 II -I 00 56 19 13551 I-U 14 01 8 11 29 Il — Il 11 36 
07 41 I-II 07 47 23 03 00 I-I 03 09 10 04 30 I- II 04 36 
03 45 Il — Ul 03 50 26 16 09 I-I] 16 17 11 1s Il —I 11 20 
13 56 II —1 14 00 28 03 36 Il— UI | 03 43 13 00 48 Ill — I 00 53 
20 48 I-II 20 54 30 05 17 I-I 05 25 13 17 41 I-I 17 47 
18 14 Il — I 18 23 Oct, 14 28 Ill — I 14 36 15 00 25 Il-I 00 30 
22 41 Il — I 22 56 3 18 26 I-I 18 34 15 14 59 Il — I 15 06 
06 24 I — I 06 50 5 06 31 Il — I 06 38 17 06 52 I-T 06 58 
03 00 Il -1 03 05 i 07 35 I-Il 07 42 18 13 36 Il-I 13 41 
09 55 I-I 10 01 8 17 48 Il —I Wie 20 20 04 I-Il 20 09 
16 04 II -I 16 09 9 17 48 Ill — I nT ae 22 02 48 Il-I 02 53 
23 01 I-Il 23 07 10 20 43 I-Il 20 50 22 18 33 li — ll 18 38 
21 29 I — I 21 38 12 09 30 Il—I | 09 37 24 09 15 I-I 09 20 
05 08 Il -I 05 12 14 09 52 I-I 09 59 25 16 00 i-I 16 04 
12 08 I-Il 12 14 15 20 27 Il —I 20 32 Dei DEON I-Il 2232 
18 12 II —I 18 16 16 21 09 Ill — I 21 18 29 05 12 Il -I 05 16 
01 13 I-Il 01 20 Lyi, 23 01 I-U 23 07 31 11 39 I-I 1] 43 
00 43 I — I 00 51 19 1232 Il — I 12°39 


GALILEAN SATELLITES, 2009: ECLIPSING PAIRS F39 
Date Start Satellite End Date Start Satellite End Dare Start Satellite End 
Time Pairs Time Time Pairs Time Time Pairs Time 
hm hm h m h m h m hm 
Jan. 13 14 24 Il — Hl 15 05 July 11 09 06 I-IIl 09 15 Aug. 20 17 41 Il — I 18 03 
May 8 16 05 I-IV 16 13 13 08 35 I-Il 08 43 21 10 35 I-U 10 51 
16 04 03 IV —- Ill 04 18 14 10 41 Il — I 1OMS2 Mp) 04 36 I-Il 04 51 
16 18 37 IV -I 18 50 IS) 02 18 Ill — IV 02 30 De 03 15 I-III | 03 30 
17 21 03 IV -I 208 15 ih Iil-I 11 26 24 01 21 I-III | 01 36 
26 01 18 I-IV 01 27 16 21 47 I-II 21855 25 00 05 I-I 00 24 
June 2 01 39 IV -Il 02 15 18 11 53 I-ITl 12 02 25 18 08 I-U 18 22 
3 22 36 IV -Il Mey) 19 03 26 Il-I 03 30 26 10 54 Ii — 11 30 
4 132 IV - I 11 48 20 10 58 I-II 11 07 ey, 22 41 Ii — i 22 56 
8 21 26 III — I Di By 21 14 16 Ill — Il 14 29 28 13 46 I-I 14 11 
9 19 24 Iii-I 19 40 29) 14 06 Ii —I 14 14 29 07 35 I-U 07 48 
10 OFM Ill — IV 07 38 DY 16 31 II-I 16 36 30 07 40 I-—Ill |} 08 14 
10 14 30 Il —IV 14 45 D3 23 06 IV —II Pay N65) 30 12 04 I- Ill IPP ey 
11 06 08 I-IV 06 17 24 00 11 I-I 00 20 31 04 56 I-III | 05 05 
16 01 20 Ili -I 01 39 24 16 59 IV — Ill U/l Sept. 1 03 49 I-II 04 31 
16 08 33 Ii-I 08 58 25 14 44 I - Tl 14 53 1 20 58 I-I 21 10 
16 23 10 Ill — I 23 22 27 13 24 I-Il 1363 5 10 19 I-Il 10 31 
19 05 06 IV -I 05 17 28 17 56 Ii — I 18 11 8 3s Bil I-Il 23 49 
19 08 28 IV -I 08 38 29 16 52 Ii — I 17 00 12 12 54 I-II 13 06 
19 23 14 IV — Ill 23 29 31 02 38 I-II 02 48 16 02 10 I-T 02 21 
20 04 51 IV -I 05 29 Aug. 1 17 38 I — Il 17 47 19 15725 I-I 15 36 
20 09 16 Iv -I 09 57 3 S553; I-Il 16 04 20 PBST Ii-I 2322 
24 02 27 Ili -I 02 37 4 21 44 Ii — U 22802 23 04 39 I-I 04 49 
25 14 46 I-III 14 51 5 19 37 Ili — I 19 44 24 12 24 Il -I 12 28 
Pog O37 I - I 03 45 if 05 09 I-T 05 21 26 7p 33} I-I 18 02 
Dil. 22h Il -IV DDD, 8 20 37 I —- Ill 20 48 28 01 30 II -I 01 35 
29 03 55 I-I 04 00 10 18 27 I-IT 18 39 30 07 05 I-Il 07 15 
29 14 50 Ill — IV 15S U0) 12 01 42 Ii — I 02 04 Octiy 3 20 18 I-Il 20 27 
July 1 05 30 Ili -—I 05 40 14 07 47 I-IT 08 00 if 09 29 I-Il 09 38 
Dy 17 04 I-I WAL 15 23 47 I —- Tl 23 59 10 22 41 I-I 22 49 
4 06 21 I- Il 06 29 16 16 24 I —- Ill 17 10 14 1152 I-I 12 00 
6 06 14 I-Il 06 21 16 2022 I —- Il 21.09 18 01 03 I-Il 01 10 
8 08 26 Il -I 08 36 17 21 09 I-Il 2a23 21 14 14 I-I 14 20 
9 19 25 I-U 19 32 19 06 00 Ill — Il 06 26 DS 03 24 I-I 03 30 


Satellite Identification: I = Io, II = Europa, III = Ganymede, IV = Callisto 


All Start Times are in Universal Time (UT). 


Start Times are the nearest minute before the event. 


End Times are the nearest minute after the event. 


Events with a light loss of less than 0.03 magnitude were not included. 


Events occurring closer than 1.5 Jupiter radii from the planet were dropped. 


F40 RINGS OF SATURN, 2009 
FOR 0" UNIVERSAL TIME 


Axes of outer edge of 
outer ring 


Date 


Major Minor 


if // 
41.61 0.58 42.409 —0.800 —4.771 357.638 —3.486 —28.061 
41.90 0.59 42.429 —0.811 —4.770 357.762 —3.424 —28.064 
42.19 0.61 42.422 —0.835 —4.770 357.886 —3.362 —28.066 
42.48 0.65 42.390 —0.872 —4.773 358.010 —3.300 —28.069 
42.75 0.69 42.332 = 01923 —4.778 358.134 —3.238 —28.071 


Jan. —3 


17 43.02 0.74 42.249 —0.987 —4.784 358.258 —3.176 -28.073 

21 43.28 0.80 42.142 —1.063 —4.793 358.382 =3.115 —28.075 

oe) 43.53 0.87 42.011 =1:151 —4.804 358.506 —3.053 —28.077 

29 43.76 0.96 41.857 =1251 —4.816 358.630 —2.991 —28.079 

Feb. 4 43.98 1.04 41.683 —1.360 —4.830 358.754 21929 —28.081 
6 44.18 1.14 41.488 —1.480 ~4.845 358.878 —2.867 —28.082 

10 44.35 1.24 41.276 —1.608 —4.862 359.001 —2.805 —28.083 

14 44.51 1.35 41.047 —1.743 —4.880 359.125 —2.743 —28.084 

18 44.64 1.47 40.804 —1.885 —4.899 359.249 —2.681 —28.085 

Wp) 44.75 1.59 40.549 21082 —4.919 359.372 —2.619 —28.086 

26 44.84 ETA! 40.284 2182 —4.940 359.496 =—25 1 —28.087 

Mar. 2) 44.89 1.83 40.012 S235 —4.961 359.619 —2.496 —28.088 
6 44.93 nS 397735) —2.490 —4,982 359.743 —2.434 —28.088 

10 44.93 2.07 39.455 —2.643 —5.004 359.866 —2.372 —28.088 

14 44.91 29 39.176 —2.796 =5.025 359.989 —2.310 —28.088 

18 44.86 2.30 38.899 —2.945 —5.046 0.113 —2.248 —28.088 

7p) 44.79 2.41 38.626 —3.090 —5.067 0.236 —2.186 —28.088 

26 44.69 2.52 38.362 =31230 —5.087 0.359 —2.124 —28.088 

30 44.56 2.61 38.106 —3.364 —5.106 0.482 —2.063 —28.088 

Apr. 3 44.42 2.70 37.863 —3.489 —5.124 0.605 —2,001 —28.087 
7 44.25 2.78 37.634 —3.606 —5.141 0.729 ==18939 —28.086 

11 44.06 2.85 37.420 sills! =8)1/57/ 0.852 Sei T/ —28.085 

tS 43.85 AUS) 37.224 —3.810 Sonlial 0.975 IES —28.084 

19 43.63 2.96 37.046 —3.896 —5.184 1.098 1-754 —28.083 

23 43.39 3.00 36.888 —3.970 190 1.221 —1.692 —28.082 

27 43.14 3.03 36.752 —4.031 —5.206 1.343 —1.630 —28.081 

May 1 42.88 3.05 36.638 —4.081 =5.214 1.466 —1.568 —28.079 
5) 42.60 3.06 36.548 —4.117 =9.220 1.589 —1.506 —28.077 

9 42.32 3.06 36.481 —4.140 YES eile? —1.445 —28.076 

13 42.04 3.04 36.438 —4.150 —5.228 1.835 =1383 —28.074 

17 41.75 3.02 36.420 —4,147 229 L957 e524 —28.072 

21 41.46 2.99 36.425 —4.130 = 9.229 2.080 Sheet) —28.069 

25 41.16 2.94 36.456 —4.101 —5.226 2.203 —1.198 —28.067 

29 40.87 2.89 36.511 —4.058 1222 2325 =, 136 —28.064 

June v 40.58 2.83 36.589 —4.003 —5.216 2.448 —1.074 —28.062 
6 40.29 2.76 36.692 =3.935 —5.208 2.570 —1.013 —28.059 

10 40.01 2.69 36.818 =3.8)5 =5,199 2.693 —0.951 —28.056 

14 ifs) 2.61 36.966 =3,763 —5.188 2.815 —0.889 —28.053 

18 39.46 Pepys 37.136 —3.660 Sons 2.938 —0.828 —28.050 

22 39.19 2.42 37.328 —3.546 = Sno 3.060 —0.766 —28.046 

26 38.93 pay 37.540 —3.421 —5.145 3.182 —0.704 —28.043 

30 38.68 epi SHRI 3,295 — 27 3.305 —0.643 —28.039 


Factor by which axes of outer edge of outer ring are to be multiplied to obtain axes of: 


Inner edge of outer ring 0.8932 Inner edge of inner ring 0.6726 
Outer edge of inner ring 0.8596 Inner edge of dusky ring 0.5447 


U = The geocentric longitude of Saturn, measured in the plane of the rings eastward from its ascending 
node on the mean equator of the Earth. The Saturnicentric longitude of the Earth, measured in the same 
way, is U+180°. 


B = The Saturnicentric latitude of the Earth, referred to the plane of the rings, positive toward the north. 
When B is positive the visible surface of the rings is the northern surface. 


P = The geocentric position angle of the northern semiminor axis of the apparent ellipse of the rings, measur- 
ed eastward from north. 
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Axes of outer edge of 
Date outer ring U B P U! B! Pp! 
Major Minor 
ed) " fe) fo) co) fo) ° fo) 

July 4 38.44 Pel 38.024 —3.141 —5.108 3.427 —0.581 —28.035 
8 38.21 Oe) 38.294 = NST —5.088 3.549 —0.520 —28.032 

2 Sno 1.87 38.581 —2.824 —5.066 3.671 —0.458 —28.028 

16 37.78 Le) 38.884 20d —5.043 3.793 —0.396 —28.023 

20 37.58 1.62 39.203 —2.474 —5.019 3.916 =(0), 3535 —28.019 

24 37.40 1.49 sess —2.288 —4.993 4.038 =0,273 —28.015 

28 S22 1.36 39.885 —2.095 —4.966 4.160 =) —28.010 

Aug. 1 37.06 1.23 40.246 —1.896 —4,938 4.282 —0.150 —28.005 
5 36.91 1.09 40.618 —1.691 —4.910 4.404 —0.089 —28.000 

9 36.77 0.95 41.001 —1.482 —4.880 4.526 —0.027 Pa SDS: 

13 36.64 0.81 41.395 S267, —4.849 4.648 +0.034 SH} 20 

Ly, 36.53 0.67 41.797 —1.049 —4.817 4.770 +0.095 i DS 

21 36.43 0.53 42.208 —0.827 —4.785 4.892 +0.157 HS) 

25 36.34 0.38 42.627 —0.602 —4.751 5.013 +0.218 —27.974 

29 36.27 0.24 43.051 —0.374 —4.717 Sal's) +0.280 —27.968 

Sept. 2 36.21 0.09 43.480 —0.145 —4.683 >.251/) +0.341 21962 
6 36.16 0.05 43.914 +0.085 —4.648 Say +0.402 PL SINS 

10 36.13 0.20 44.351 +0.317 —4.612 5.501 +0.464 I Si0) 

14 36.11 0.35 44.791 +0.548 —4.576 5.622 +0.525 —27.944 

18 36.10 0.49 45.232 +0.780 —4.540 5.744 +0.586 =27.938 

22 36.11 0.64 45.674 +1.011 —4,503 5.866 +0.648 PSII 

26 36.13 0.78 46.115 +1.240 —4.467 5.987 +0.709 TS 

30 36.16 0.93 46.554 +1.467 —4.430 6.109 +0.770 FH EN s) 

Oct. 4 36.21 1.07 46.991 +1.691 <4) 8198) 6.230 +0.832 SPY 
8 36.27 2 47.423 +1.913 4139 6.352 +0.893 —27.904 

12 36.35 ESS) 47.852 elo —4.320 6.473 +0.954 —27.897 

16 36.44 1.49 48.274 42.345 —4.284 6.595 +1.015 —27.889 

20 36.54 1.63 48.690 28) —4,249 6.716 +1.076 —27.882 

24 36.66 1.76 49.098 aU —4,.214 6.838 sFalialisa/ —27.874 

28 36.79 1.90 49.496 +2.954 —4.179 6.959 arr) —27.867 

Nov. 1 36.93 2.03 49.885 +3.145 —4.145 7.081 +1.260 —27.859 
5 37.09 PP AIS) 50.262 e329) —4.113 7.202 cialeo all =27.851 

9 37.25 2.28 50.627 +3.506 —4.081 1323) +1.382 —27.843 

13 37.43 2.40 50.978 +3.674 —4.050 7.445 +1.443 =27.835 

17 37.63 ey S315 +3.834 —4.020 7.566 +1.504 — 27-828 

21 37.83 2.63 51.636 +3.984 =P) 7.687 LOS —27.818 

25 38.05 2.74 51.940 +4.125 =3,965 7.809 +1.626 —27.809 

29 38.27 2.84 52.226 +4.256 —=3.939 7.930 +1.687 —27.800 

Dec. 3 38.51 2.94 52.493 +4.375 = O)II5) 8.051 +1.748 GI 
7 38.76 3.03 52.740 +4.484 = 31093 8.172 +1.809 ZT AS2 

11 39.01 By 2 52.967 +4.582 =3.873 8.293 +1.869 27173 

15 39.28 3.20 Soul 1 +4.667 —3.854 8.414 +1.930 —27.764 

19 39.55 Be, 53.353 +4.740 —3.838 8.536 enol Sao 

23 39.82 Boe) Soro lil +4.801 =3),029 8.657 +2.052 —27.745 

P| 40.10 3.38) 53.645 +4.848 —3.811 8.778 +2.113 ASS 

31 40.39 3.44 53.754 +4.883 —3.801 8.899 se olliths SP eI) 

35 40.67 3.48 53.838 +4.904 —3.794 9.020 +2.234 —PxIPal Ms) 


Factor by which axes of outer edge of outer ring are to be multiplied to obtain axes of: 


Inner edge of outer ring 0.8932 Inner edge of inner ring 0.6726 
Outer edge of inner ring 0.8596 Inner edge of dusky ring 0.5447 


U’! = The heliocentric longitude of Saturn, measured in the plane of the rings eastward from its ascending 
node on the ecliptic. The Saturnicentric longitude of the Sun, measured in the same way is U’ +180°. 


B' = The Saturnicentric latitude of the Sun, referred to the plane of the rings, positive toward the north. 
When B’ is positive the northern surface of the rings is illuminated. 


P’ = The heliocentric position angle of the northern semiminor axis of the rings on the heliocentric 
celestial sphere, measured eastward from the great circle that passes through Saturn and the poles of the 
ecliptic. 
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SATELLITES OF SATURN, 2009 
UNIVERSAL TIME OF GREATEST EASTERN ELONGATION 
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SATELLITES OF SATURN, 2009 


UNIVERSAL TIME OF GREATEST EASTERN ELONGATION 


Jan. Feb. Mar. Apr. May June | July Aug. Sept. Oct. | noe | Dec. 
ll 


Ill TETHYS 


dh 
OES 
3 16.8 
5 14.1 
7 11.4 
9 08.7 


11 06.0 
13 03.3 
15 00.6 
16 21.9 
18 19.2 


20 16.5 
De \\ssal] 
24 11.0 
26 08.3 
28 05.6 


daw ih 
1 00.2 
DD DNs) 
4 18.8 
6 16.1 
8 13.4 


10 10.7 
12 08.0 
14 05.3 
16 02.6 
1723:8 


1S) LI 
21 18.4 
Peay EVI 
25 13.0 
27 10.3 


30 02.9 


d h 
1 07.6 
3 04.9 
5 02.2 
623.5 
8 20.8 


10 18.0 
V2 MS). 
14 12.6 
16 09.9 
18 07.2 


20 04.5 
22 01.8 
23235 
25 20.4 
PH MGT 


29 15.0 


SS 
ee ee 


d oh de) oh 


411.7 
6 09.0 
8 06.3 
10 03.6 


12 00.9 
IBm222 
15 19.5 
17 16.8 
19 14.1 


21 11.4 
23 08.7 
25 06.1 
27 03.4 
29 00.7 


Ve h 
21433 |, 11198 


3 16.6 
5 14.0 
TALS 
9 08.6 


11 05.9 
133082 
15 00.6 
16 21.9 
18 19.2 


20 16.5 
2231S 
24 11.2 
26 08.5 
28 05.8 


30 03.1 


d h 
1 05.7 
3 03.1 
5 00.4 
6 21.7 
8 19.1 


10 16.4 
eS 
14 11.1 
16 08.4 
18 05.7 


20 03.1 
22 00.4 
Passer Atel | 
PISA 
27 16.4 


29 13-7, 


31 11.1} 


d h 
2 08.4 
4 05.7 
6 03.1 
8 00.4 
Deena 


Oa 
13 16.4 
15 13.7 
7 
19 08.4 


21 05.7 
23/034 
25 00.4 
26 21.7 
28 19.1 


30 16.4 


d h 
Updo 
411.1 
6 08.4 
8 05.7 
10 03.1 


12 00.4 
SE 
151951 
17 16.4 
SP seo 


Ze 
23 08.4 
Ps Vari 
27 03.0 
29 00.4 


BOQ 


d h 
2.0271 
4 19.7 
7 13.4 
10 07.0 
13 00.7 


15 18.4 
18 12.0 
PAO Sei, 
PSP B 3} 
26 17.0 


1 10.6 
4 04.3 
6 21.9 
9 15.6 
12 09.2 


15 02.9 
17 20.5 
20 14.2 
23 07.8 
26 01.5 


28 19.1 
S273 


2 11.4 
5 05.1 
7 22.8 
10 16.5 
13 10.3 


16 04.0 
Itsy 
21 15.4 
24 09.1 
27 02.8 


29 20.6 


dank 
2 14.3 
5 08.0 
8 01.7 
10 19.5 
138132 


16 06.9 
19 00.7 
21 18.4 
24 12.1 
27 05.9 


3 14.2 
6 07.9 
9 01.7 
11 19.4 
14 13.2 


17 06.9 
20 00.7 
22 18.4 
2S 124 
28 05.9 


30 23.6 


Z1235"3) ||| 21NO IS 


26 11.6 | 25 13.6 


d 


3 14.6 
8 03.2 
12 15.8 
17 04.3 
21 16.9 


26 05.5 
30 18.0 


h dah 


4 06.6 
8 19.2 
13 07.8 
17 20.3 
22 08.9 


26 21.5 


2 01.9 
6 14.5 
11 03.0 
15 15.6 
20 04.1 


24 16.6 


3 17.6 
8 06.1 
12 18.6 
17 07.1 
ZL9.S 


26 08.0 


29 05.1 | 30 20.4 
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UNIVERSAL TIME OF CONJUNCTIONS AND ELONGATIONS 


VI TITAN 


Eastern Elongation 


Inferior Conjunction Western Elongation 


d h 

Jan. 322-6 
19 21.0 

Feb. 4 18.9 
20 16.6 

Mar. 8 14.0 
24 11.5 

Apr. 9 09.1 
25 07.0 

May 11 05.3 
27 04.0 

June 12 03.2 
28 02.8 

July 14 02.7 
30 02.9 

Aug. 15 03.3 
31 03.8 

Sept. 16 04.4 
Oct. 2 05.0 
18 05.6 

Nov. 3 06.0 
19 06.1 

Dec. 5 06.0 
21 05.6 


Gin fa ae a 

Jan. 7 19.4 Jan. 11 18.4 
Ds Waa D765 

Feb. 8 15.7 Feb. 24 3 
24 13.4 28 11.8 

Mar. PAULO) Mar. 16 09.2 
28 08.6 Apr. 1 06.7 

Apr. 13 06.4 17 04.4 
29 04.5 May 31025 

May 15 03.0 19 01.0 
31 01.8 June 4 00.0 

June 16 01.1 19 23.4 
July 2 00.6 July 3123.2 
18 00.5 Dil Dey 

Aug. 3 00.6 Aug. 6 23.5 
19 00.9 23 00.0 

Sept. 4 01.4 Sept. 8 00.6 
20 01.8 24 01.3 

Oct. 6 02.3 Oct. 10 01.9 
220247 26 02.4 

Nov. 7 02.9 Nov. 11 02.8 
23 02.9 27 02.9 

Dec. 9 02.7 Dec. 13 02.6 
25 02.0 29 01.9 


Superior Conjunction 


d oh 

Jan. 15 20.3 
31 18.4 

Feb. 16 16.1 
Mar. 4 13.6 
20 11.0 

Apr. 5 08.6 
21 06.4 

May 7 04.7 
23 03.3 

June 8 02.4 
24 01.9 

July 10 01.7 
26 01.9 

Aug. TNOZES 
27 02.9 

Sept. 12 03.5 
28 04.2 

Oct. 14 04.8 
30 05.3 

Nov. 15 05.6 
Dec. 1 05.6 
17 05.3 

33 04.6 


VIL HYPERION 


Eastern Elongation 


‘dame b 

Jan. 1 16.6 
23 00.4 

Feb. 13 08.2 
Mar. 6 15.9 
27 22.4 

Apr. 18 05.8 
May 9 14.5 
30 22.4 

June 21 07.4 
July 12 17.8 
Aug. 3802 7 
24 12.0 

Sept. 14 22.2 
Oct. 6 06.3 
27 14.2 

Nov. e223 
Dec. 9 04.2 
30 09.3 


Inferior Conjunction Western Elongation 


Superior Conjunction 


dan 
Jan. 6 22.0 Jan. 
28 06.7 Feb. 

Feb. 18 13.9 
Mar. 11 21.6 Mar. 
Apr. 2 04.8 Apr. 

23n1OK0) 
May 14 21.0 May 
June 5 06.1 June 
26 15.4 July 

July 18 02.3 
Aug. 8 12.6 Aug. 
2923 Sept. 

Sept. 20 08.9 
Oct. Wits) Oct. 
Noy. 2 02.3 Nov. 

23; NOS 
Dec. 14 17.4 Dec. 


d h 
12 20.3 
3 04.8 
24 12.0 
17 18.6 


8 02.0 
29 09.6 
20 17.6 
11 02.7 

2 12.4 


23 21.8 
14 07.6 
4 17.5 
26 02.2 
17 10.8 


7 18.7 
29 01.1 
20 07.2 


d oh 
Jan. 18 05.0 
Feb. 8 13.5 
Mar. 1 21.4 
23 03.6 
Apr. 13 11.4 
May 4 19.9 
26 03.0 
June 16 11.9 
July Pe 2Mey 
29 05.4 
Aug. 19 14.3 
Sept. ODS u/ 
Oct. 1 06.5 
22 14.1 
Nov. WAS 
Dec. 4 02.4 
SAV 


VII IAPETUS 


Eastern Elongation 


Inferior Conjunction 


d oh 
Feb. 24 00.4 
May 13 00.4 
Aug. 1 09.6 


Oct. 22 03.9 


d oh 
Jan. 
Mar. 15 08.3 Apr. 
June 2079) June 
Aug. 2 LSS Sept. 
Nov. 11 01.4 Dec. 


Western Elongation 


Superior Conjunction 


d h 
15 05.5 

3 02.5 
21 04.9 
10 12.1 

1 00.9 


ay ah 
Feb. 3 18.9 
Apr. 22 22.0 
July 11 16.4 
Oct. O23 
Dec. 21 03.9 


SATELLITES OF SATURN, 2009 
DIFFERENTIAL COORDINATES OF VII HYPERION FOR 0° U.T. 


Feb. 


Apr. 


Date Aa Aa 
H? vA s 

—] +10 0.1 0.4 —10 - 

1 +14 0.2 0.4 —13 - 
3 +13 0.2 - 0.2 —12 
5 +7 0.2 0.0 — 7 
q -— 1 0.0 + 0.2 0 
9 -— 9 0.1 + 0.4 + 8 
11 -14 0.2 + 0.4 +12 
13 —16 0.3 + 0.3 +12 
15 -13 0.2 oo 0.1 + 8 
ily -— 6 0.1 - 0.1 +1 
19 +4 0.0 — 0.3 -— 6 
21 +12 0.2 - 0.4 —11 
23 +15 0.3 - 0.3 —13 
25 +12 0.2 - 0.1 -11 
DF + 5 0.2 + 0.1 — § 
29 -—4 0.0 + 0.3 + 3 
31 —11 0.1 + 0.4 +10 
2 —16 0.2 o 0.3 +13 
4 —16 0.3 a 0.2 +11 
6 -l1 0.2 0.0 + 6 
8 —-2 0.1 - 0.2 — 1 
10 +7 0.0 ~ 0.3 — 8 
12 +14 0.2 - 0.3 —12 
14 +15 0.3 - 0.2 —13 
16 +10 0.3 0.0 — 9 
18 +2 0.2 + 0.2 — 2 
20 — 6 0.0 + 0.3 + 6 
22 —14 0.1 + 0.3 +12 
24 -17 0.3 + 0.2 +13 
26 -15 0.3 + 0.1 +10 
28 -9 0.3 0.1 +4 
2 +1 0.1 - 0.2 — 3 
4 +10 0.1 ~ 0.3 —10 
6 +15 0.2 0.3 —13 
8 +14 0.3 _ 0.1 —12 
10 + 8 0.3 + 0.1 — 7 
12 — 1 0.2 + 0.2 +1 
14 — 9 0.0 ~ 0.3 +9 
16 -15 0.2 + 0.3 +13 
18 -17 0.3 ~ 0.1 +13 
20 -14 0.3 0.0 +8 
22, — 6 0.3 ~ 0.1 + 1 
24 + 5 0.1 ~ 0.2 -— 6 
26 +13 0.1 - 0.3 -12 
28 +15 0.3 — 0.2 -14 
30 +12 0.4 0.0 -11 
1 +5 0.3 + 0.1 BS 
3 — 4 0.2 + 0.2 ase 
5 —12 0.0 4 0.2 +11 
if —16 0.2 + 0.2 +14 
9 —16 0.3 0.0 +12 
1] -l1 0.4 - 0.1 + 6 
13 —2 0.3 - 0.2 = 
15 + 8 0.0 = 0.2 — 8 
iy +14 0.2 ~ 0.2 18 
19 +15 0.3 — 0.1 —14 
21 +10 0.4 + 0.1 = 19 
23 a0) 0.3 oP 0.2 =i 
25 — 7 0.1 + 0.2 es 
27 -13 0.1 + 0.2 +13 
29 —16 0.3 4 0.1 +14 
1 -15 — 0.4 — 0.1 +10 


May 


Differential coordinates are given in the sense “satellite minus planet.” 
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SATELLITES OF SATURN, 2009 F47 
DIFFERENTIAL COORDINATES OF VIII IAPETUS FOR 0° U.T. 


a me 
Date Aa Aa A6 Date Aé 
Ss / s / / 
Jan. —| -10 0.7 | May 1 +23 0.0 } Sept. 2 —25 + 0.3 
1 —16 - 0.4 3 +27 - 0.2 4 -27 + 0.6 
3 —21 - 0.1 5 +30 - 0.4 6 —29 + 0.8 
5 —25 + 0.2 df +33 - 0.6 8 —30 + 1.0 
7 —29 + 0.4 9 +35 — 0.8 10 -31 + 1.2 
9 —32 + 0.7 11 +37 - 1.0 12 -—30 +14 
11 —35 + 1.0 13 +37 - Lal 14 —29 + 1.5 
13 —36 + 1.2 15 +36 - 1e2) 16 —28 + 1.6 
15 —37 + 1.4 17 +35 - 3} 18 —25 led 
17 —36 + 1.6 19 +33 - 1.4 20 —22 + 1.7 
19 —35 + a 21 +30 - 1.4 22 -19 + 1.7 
21 —32 + 1.8 23 +26 - 1.4 24 -15 + 1.6 
23 —29 + 1.8 D5 +21 - 1.3 26 -11 + 1.5 
25 —25 + 1.8 27 +16 - lp 28 - 6 + 1.4 
PA —21 + iE 29 +11 — itil 30 - 1 +13 
29 -15 = 1.6 Sil +5 - 1.0 } Oct. 2 +3 + 1.1 
31 -10 + 1.5 | June 2 0 - 0.8 4 +8 + 0.9 
Feb. 2 —4 + 3 4 -— 6 - 0.6 6 +12 + 0.6 
4 +2 - ile 6 -11 - 0.4 8 +16 + 0.4 
6 + 8 + 0.9 8 -17 = 0.2 10 +20 + 0.1 
8 +13 + 0.6 10 —21 0.0 i) +23 — 0.2 
10 +19 + 0.3 12 —25 + 0.2 14 +26 — 04 
12 +24 + 0.1 14 —28 + 0.5 16 +29 — 0.7 
14 +28 - 0.2 16 -31 + 0.7 18 +30 -— 0.9 
16 +32 - 0.5 18 —33 + 0.8 20 +31 -— 12 
18 +35 - 0.7 20 —34 + 1.0 22 +31 -14 
20 +37 _ 1.0 22 —34 + 1.1 24 +31 - 16 
22 +39 - 2 24 —33 + | 2 26 +30 -— 17 
24 +39 - 1.4 26 31 + 3 28 +28 — 1.8 
26 +38 - iTS) 28 —29 + 1.4 30 +25 - 19 
28 +37 - 1.6 30 —25 + 1.4 | Nov. 1 +22 - 19 
Mar. 2 +34 = 1.7 | July D) —22 + 1.4 3 +18 - 19 
4 +31 - 1.7 4 -18 + 1.3 5 +14 — 1.8 
6 +27 - 1.7 6 -13 + 152 7 +9 - 1.6 
8 +21 - 1.6 8 -— 8 + all 9 +4 -— 1.5 
10 +16 = 15 10 — 3 + 1.0 11 -— 1 — 1.3 
12 +10 - 1.3 12 +2 + 0.9 13 -— 6 -— 1.0 
14 + 3 - Al 14 +7 + 0.7 15 -11 — 0.7 
16 - 3 - 0.9 16 +11 a 0.5 17 -16 -— 0.4 
18 - 9 = 0.6 18 +16 + 0.3 19 —20 — 0.1 
20 -15 = 0.4 20 +20 + 0.1 Dl —24 + 0.2 
oe —2] _ 0.1 22 +23 - 0.1 23 -27 + 0.5 
24 —26 + 0.2 24 +27 - 0.3 25 —30 + 0.8 
26 —30 + 0.4 26 +29 _ 0.6 27 31 + 1.1 
28 —34 + 0.7 28 +31 ~ 0.7 29 —32 + 1.4 
30 —36 + 0.9 30 +32 - 0.9 | Dec. 1 —32 + 1.6 
Apr. 1 —38 + 1.1 | Aug. 1 +32 - 1.1 3 —32 + 1.8 
3 —38 aa 13} 3 +32 - 1.2 5 31 + 2.0 
5 —37 + 1.4 5 +31 - 183 7 —28 + 2.1 
7 —36 + ITF 5) 7 +29 - 1.4 9 —26 + 2.2 
9 —33 + iP) 9 +27 ~ 1S) 11 —22 + 2.2 
11 —30 + LS dal +23 - LB) 13 -18 + 2.1 
13 —26 + 1155: 13 +20 - bs 15 -14 + 2.0 
15 —21 4 1.4 15 +15 _ 1.4 17 -9 + 1.9 
17 -16 ao 16 17, +11 oo 1.3 19 -4 + 1.7 
19 -11 + 1.2. 19 + 6 - 1, 21 + 1 + 1.5 
21 -— 5 + 1B 21 + 1 - 1.0 23 +6 + 1.2 
23 +1 + 0.9 23 - 4 - 0.8 25 +11 + 0.9 
25 +7 4 0.7 25 - 9 0.6 2a +16 + 0.6 
Dy +12 + 0.5 27 —13 _ 0.4 29 +21 + 0.3 
29 +18 - 0.2 29 -18 - 0.2 31 +25 0.0 
May 1 +23 0.0 31 —21 + 0.1 33 +28 - 04 


Differential coordinates are given in the sense “satellite minus planet.” 


F48 SATELLITES OF SATURN, 2009 
DIFFERENTIAL COORDINATES OF IX PHOEBE FOR 0° U.T. 
Date Aa PAN) Aa A6 Aa A6 
m s 4 / m s / m Ss / 
Jan. —1 +1 15 - 5.6 | May 1 —1 14 + 9.5 —2 04 +11.9 
1 +1 13 - 5.4 3 —1 16 + 9.7 —2 03 +11.8 
3 +1 11 - Sp 5 —118 + 9.8 —2 02 +11.7 
5 +110 | —- 4.9 7! —1 20 + 10.0 —2 02 +11.6 
7 +1 08 — 4.6 9 —1 22 + 10.1 —2 01 +11.5 
9 +1 06 - 4.3 11 —1 24 + 10.3 —2 00 +11.4 
11 +1 04 4.1 13 —1 26 + 10.4 —1 59 +11.2 
13 +1 01 - 3.8 15 —1 27 + 10.6 —1 58 = ea 
15 +0 59 - 3.5 ilg/ —1 29 + 10.7 —1 57 +11.0 
17 +0 57 — BP) 19 —1 31 + 10.8 —1 56 +10.8 
19 +0 55 - 3.0 21 —1 33 =f: 10.9 —1 55 +10.7 
21 +0 52 ~ Dat 23 —1 35 + Wd —] 54 +10.5 
23 +0 50 ~ 2.4 25 —1 36 + 2 —1 53 +10.4 
25 +0 48 _ ADS 27 —1 38 + 11.3 -1 52 +10.2 
27 +0 45 - 1.8 29 —1 40 + 11.4 -151 +10.1 
29 +0 43 - eS 31 ~1 41 + 11.5 —1 49 + 9.9 
31 +0 40 - 1.2 } June 2, —1 43 + 11.6 —1 48 + 9.7 
Feb. 2 +0 38 _ 1.0 4 —1 44 + 97, —1 47 + 9.5 
4 +0 35 - 0.7 6 —1 46 + 11.8 —1 45 + 9.4 
6 +0 33 - 0.4 8 -147 + 11.9 —] 44 +.9.2 
8 +0 30 - 0.1 10 —1 48 + 12.0 —1 42 + 9.0 
10 +0 28 + 0.2 2 —150 + 12.1 —1 41 + 8.8 
12 +0 25 + 0.5 14 —1 51 + 12.2 —1 39 + 8.6 
14 +0 22 + 0.8 16 —1 52 + 12:2 —] 38 + 84 
16 +0 20 + iil 18 —1 53 + 12.3 —1 36 Sed 
Seis EON, + eS 20 | -1 54 + 12.4 —] 35 + 8.0 
20 +014 | + 1.6 22 —1 55 tc: 12.5 —1] 33 + 7.7 
DD +0 12 + 1.9 24 —1 56 + 125 —1 31 + 7.5 
24 +0 09 + WD 26 -157 + 12.6 —1 29 + 7.3 
26 +0 06 + DS 28 —158 + 12.6 —] 27 + 7.1 
28 +004 | + 27) 30 | -159 + 12°7 —] 26 + 6.8 
Mar. 2 +0 01 + 3.0 | July 2 —2 00 + 127. —1] 24 + 6.6 
4 —0 02 + 333 4 —2 01 + 12.8 —] 22 + 63 
6 —004 | + Be) 6 —2 02 + 12.8 —1 20 + 6.1 
8 —0 07 + 3.8 8 —2 02 + 12.8 —1 18 + 5.9 
10 —010 | + 4.1 10 —2 03 + 12.9 —1 16 + 5.6 
12 —0 13 + 4.3 12 —2 04 F 12.9 —1 13 eos 
14 —0 15 + 4.6 14 |} —204 + 12.9 —111 + 5.1 
16 —0 18 + 4.8 16 —2 05 + 12.9 —1 09 + 4.8 
18 —0 20 + Sel 18 —2 05 + 12.9 —107 + 4.6 
20 —0 23 + 553 20 —2 06 + 12.9 —1 05 + 43 
22, —0 26 + 9).5) 22 —2 06 + 12.9 —1 03 + 4.0 
24 —0 28 + 5.8 24 —2 07 + 12.9 —1 00 + 3.8 
26 —0 31 + 6.0 26 —2 07 + 12.9 —0 58 + 3.5 
28 —0 33 + 6.2 28 —2 07 + 12.9 —0 56 + 3.2 
30 —0 36 + 6.5 30 —2 07 + 12.9 —0 53 + 2.9 
Apr. 1 —0 39 + 6.7 | Aug. 1 —2 08 + 12.9 —0 51 + 2.6 
3 —0 41 + 6.9 3 —2 08 + 12.9 —0) 48 + 2.4 
5 —0 44 + Tal 5 —2 08 + 12.8 —0 46 +. 221 
7 —0 46 + 13 7 —2 08 + 12.8 —0 43 + 1.8 
9 —0 48 + Tes 9 —2 08 + 12.8 —0 41 +15 
11 —0 51 + WA 11 —2 08 + 17 —0 38 ile): 
13 —0 53 + 7.9 13 —2 07 + 12.7 —0 36 + 0.9 
15 —0 56 + 8.1 15 —2 07 + 12.6 —0 33 + 0.6 
17 —0 58 + 8.3 17 —2 07 + 12.6 —0'31 Os 
19 —1 00 + 8.5 19 —2 07 + 125 —0 28 0.0 
21 —1 03 + 8.7 21 —2 07 + 12.4 —0 25 — 0:3 
23 —1 05 + 8.8 Ae! —2 06 + 12.4 —0 23 = 0:6 
25 —1 07 + 9.0 25 —2 06 + 12.3 —0 20 = 09 
27 —1 09 + 9.2 Dy} —2 05 + 12.2 —0 17 — 12 
29 -111 + 9.4 29 —2 05 + 12.1 —0 15 — 135 
May 1 —-114 + 9.5 31 —2 04 + 12.0 —0 12 = 1.8 


Differential coordinates are given in the sense “satellite minus planet.” 


APPARENT ORBITS OF SATELLITES I-V AT 0h UT ON THE DATE OF 


Vertical Offset (arcseconds) 


Ring 
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SATELLITES OF URANUS, 2009 


OPPOSITION, SEPTEMBER 17 


Satellite Motions are Clockwise 


N 
-20 -10 0 10 20 
Horizontal Offset (arcseconds) 
Orbits elongated in ratio of 2.1 to 1 in the East-West direction. 
NAME SIDEREAL PERIOD 
d 
Wie Vistandan perp yarn ar 1.413 479 25 
WRATH C ape rane tac nthe I) SPA WEIS) Bs) 
Thy eWimbiieleg t 3:0N8 S43. 4.144 177 2 
LIS itania aes. + See ees ae 8.705 871 7 
We" @DerOn est cea 13.463 238 9 
RINGS OF URANUS 
Semimajor Eccentricity Azimuth of Precession 
Axis Periapse Rate 
km 2 °/d 
41870 0.0014 236 Dag) 
42270 0.0018 182 2.66 
42600 0.0012 120 2.60 
44750 0.0007 331 2.18 
45700 0.0005 231 2.03 
47210 = = == 
47660 = — == 
48330 0.0005 140 — 
51180 0.0079 216 1.36 


Epoch: 1977 March 10, 20" UT (JD 244 3213.33) 


F49 


NORTHERN ELONGATION 


SATELLITES OF URANUS, 2009 


UNIVERSAL TIME OF GREATEST 
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SATELLITES OF URANUS, 2009 Fil 
UNIVERSAL TIME OF GREATEST NORTHERN ELONGATION 


Jan. Feb. | Mar. Apt. May June July Aug. 


Il UMBRIEL 


Sept. Oct. Nov. Dec. 


d h d h d h 
150756) Sall 2) |e 2a 
511.0} 7 14.7] 6 14.8 
OMA ONS Os 3.2 
SED) |S 2 est ae 
17 21.4} 20 01.0} 19 01.1 


22 00.8 | 24 04.5 | 23 04.6 
26 04.3 | 28 07.9 | 27 08.0 
30 07.8 Sal WINES) 


ik alycw 
14 07.8 | 10 10.6 
19 03.5 

27 20.4 


10 13.9] 14 09.5 
19 06.7 | 23 02.3 


ITV OBERON 


d h d h d h d h d h d h d h 
2 ES) RDA ONO Ss Oca Sal S 41 eS 10016 (9.22.8 
15 23.0 | 25 08.2 | 24 06.3 | 20 04.5 | 17 02.5} 26 11.6 | 23 09.9 


SATELLITES OF NEPTUNE, 2009 


APPARENT ORBIT OF I TRITON AT 0h UT ON THE DATE 


OF OPPOSITION, AUGUST 17 


Satellite Motion is Counterclockwise 


-10 


0 


10 


Horizontal Offset (arcseconds) 


NAME 
Triton 
Nereid 


SIDEREAL PERIOD 
59876 8541R 


3607135 38 


DIFFERENTIAL COORDINATES OF II NEREID FOR 0° UT 


F52 
D 
To 
e 
e) 
6) 
a) 
7) 
2 
& 
o 
5 
ov 
Ro) 
i) 
o 
> 
-20 
I 
II 
Date Aa cosd A6 
/ HW? v/ 
Jan. —] +4 06.5 +106.9 
9 +3 42.9 + 96.7 
19 +3174 + 85.5 
29 +2498 + 73.4 
Feb. 8 +2198 + 60.1 
18 +1 47.1 + 45.5 
28 +1112 + 29.5 
Mar. 10 +0319 + 11.9 
20 —0 10.1 — 6.7 
30 —0 49.3 — 23.7 
Apr. 9 —0 47.5 — 21.3 
19 +0 21.3 + 11.5 
29 +1 28.5 + 42.9 


July 8 


Aug. i 


Sept. 6 


Aa cosd 


Aa cosd 


/ A 
nes Pye) 
+3 10.4 
+3 50.0 
+4 24.1 
+4 53.4 


a may Ish) 
qr) oes 
+5 57.4 
amo) WES) 
Ome 


sOEZ 920 
+6 33.9 
+6 35.1 


Sept. 


/ A 
+6 33.4 
ane) 2A) II 
+6 22.1 
+6 12.9 
+6 01.5 


+5 48.1 
ape) sy A) 
eel eo 
+4 57.2 
+4 36.9 


+4 15.0 
ae) oll 
ae) AS) 


SATELLITES OF NEPTUNE, 2009 Fos 
I TRITON 


UNIVERSAL TIME OF GREATEST EASTERN ELONGATION 


SATBELCITE OF -PLULO,.2009 


APPARENT ORBIT OF I CHARON AT 0h UT ON THE DATE OF 
OPPOSITION, JUNE 23 


UNIVERSAL TIME OF 
NORTHERN ELONGATION 


South 
Septal 


Oct. 6 


West ey East F 15.7 | Nov. 1 09.7 


Dec. 3 08.0 


3393s 
North 


Sidereal Period: 69387 23 


ote 


pie + eS 


oii —“¢9 


#40 i 23.7 


Tir ae] 7k 
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MINOR PLANETS AND COMETS, 2009 Gl 
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This symbol indicates that these data or auxiliary mater- 
ial may be found on The Astronomical Almanac Online 
at http://asa.usno.navy.mil and http://asa.hmnao.com 


Notes on bright minor planets 


The following pages contains various data on a selection of 93 of the largest and/or brightest 
minor planets. The first two pages tabulates their osculating orbital elements for epoch 2009 
June 18-0 TT (JD 245 5000-5), with respect to the ecliptic and equinox J2000-0. 


The opposition dates of all the objects are listed in chronological order together with the 
visual magnitude and declination. From these, a sub-set of the 15 larger minor planets, 
consisting of Ceres, Pallas, Juno, Vesta, Hebe, Iris, Flora, Metis, Hygiea, Eunomia, Psyche, 
Europa, Cybele, Davida and Interamnia are candidates for a daily ephemeris. 


A daily geocentric astrometric (see page B29) ephemeris is tabulated for those of the 15 
larger minor planets that have an opposition date occurring between January | and January 
31 of the following year. The daily ephemeris of each object is centered about the opposition 
date, which is repeated at the bottom of the first column and at the top of the second column. 
The highlighted dates indicate when the object is stationary in right ascension. It is very 
occasionally possible for a stationary date to be outside the period tabulated. 


Linear interpolation is sufficient for the magnitude and ephemeris transit, but for the right 
ascension and declination second differences are significant. The tabulations are similar to 
those for Pluto, and the use of the data is similar to that for major planets. 
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Name 


Ceres 
Pallas 
Juno 
Vesta 
Astraea 


Hebe 
Tris 
Flora 
Metis 
Hygiea 


Parthenope 
Victoria 
Egeria 
Trene 
Eunomia 


Psyche 
Thetis 
Melpomene 
Fortuna 
Massalia 


Lutetia 
Kalliope 
Thalia 
Themis 
Phocaea 


Proserpina 
Euterpe 
Bellona 
Amphitrite 
Urania 


Euphrosyne 
Pomona 
Fides 
Laetitia 
Harmonia 


Daphne 
Isis 
Ariadne 
Nysa 
Eugenia 


Doris 
Nemausa 
Europa 
Alexandra 
Echo 


Ausonia 
Angelina 


BRIGHT MINOR PLANETS, 2009 
OSCULATING ELEMENTS 


FOR EPOCH 2009 JUNE 18-0 TT, ECLIPTIC AND EQUINOX J2000-0 


Zi 
© 


= 
SO OND APWN 


Magnitude 

Parameters 

H G 

3:34 80-12 
4-13 0-11 
ayes (Oss 
3:20 0-32 
685 0-15 
5:71 0-24 
Sel (EIS) 
6:49 0-28 
6:28 0-17 
5:43 0-15 
6:55 0-15 
J-2A 0:22 
6:74 0-15 
6:30 0-15 
5-28 0-23 
5-90 0-20 
7:76 0-15 
6:51 0-25 
7:13 0-10 
6-50 0-25 
7:35 °° OD 
6:45 0-21 
6:95 0-15 
7:08 0-19 
7:83 0-15 
7:50 0-15 
7:00 0-15 
7:09 0-15 
5:85 0-20 
Uso 7 Ess) 
6:74 0-15 
7:56 0-15 
7:29 0-24 
6:10 0-15 
7:00 0-15 
712 0-10 
7:53 0-15 
7-93 0-11 
7:03 0-46 
7:46 0-07 
6:90 0-15 
7:35 0-08 
6-31 0-18 
7:66 0-15 
8-21 0-27 
7:55 0-25 
7-67 0-48 


Mean 
Dia- 


meter 


Inclin- 
ation 
i 
10-586 
34-839 
12-979 
7-135 
5-370 


14-754 
5-526 
5-889 
5-574 
3-842 


4-626 
8-362 
16-542 
9-107 
11-738 


3-097 
5-589 
10-129 
1-573 
0-707 


Long. 
of Asc. 
Node 
22 
80-399 
173-129 
169-912 
103-916 
141-662 


138-740 
259-718 
110-959 

68-960 
283-452 


125-610 
235-520 
43-278 
86-453 
293-262 


150-299 
125-600 
150-514 
211-254 
206-228 


80-911 
66-228 
66-975 
35-992 
214-241 


45-869 
94-805 
144.344 
356-486 
307-743 


31-224 
220-557 
7-361 
157-164 
94.285 


178-100 

84-390 
264-930 
131-576 
147-921 


183-739 
176-097 
128-753 
313-437 
191-647 


337-896 
309-214 


Argument 
of Peri- 
helion 
7) 


ie} 


72-825 
310-240 
248-009 
149.869 
357-764 


239-490 
145-218 


313-175 


194-788 
69-715 
80-705 
96-306 
97-814 


227-136 
135-701 
227-766 
182-004 
256-407 


250-085 
355-630 
60-368 
107-766 
90-299 


193-602 
356-772 
344-062 
63-090 
86-996 


61-915 
339-032 
62-515 
209-415 
269-806 


46-355 
236-581 
15-841 
343-031 
85-650 


256-958 


295-869 
179-550 


Mean 


Daily 


Distance Motion 


a 


2:7664 
2:7729 
2.6716 
2:3616 
2:5755 


2:4245 
2:3858 
2.2009 
2:3865 
3-1392 


2-4522 
2:3346 
2:5761 
2:5850 
2:6429 


2-9236 
2.4693 
2:2961 
2:4420 
2-4102 


2-4358 
2:9078 
2-6287 
3-1289 
2-3995 


2-6554 
2:3466 
2:7783 
2:5543 
2-3656 


3-149] 
2-5870 
2:6433 
2:7670 
2:2675 


2:7657 
2-4420 
2:2031 
2-4254 
2.7204 


3-1079 
2:3650 
3-0951 
2:7109 
2:3928 


2:3958 
2-6814 


n 


0.21421 
0-21345 
0.22571 
0-27158 
0:23846 


0-26108 
0.26746 
0-30185 
0.26734 
0.17721 


0-25667 
0.27630 
0:23838 
0.23714 
0-22939 


0-19717 
0.25400 
028328 
0-25827 
0-26341 


0-25927 
0-19877 
0-23126 
0-17808 
0-26517 


0-22778 
0.27419 
0.21283 
0-24144 
0-27088 


0-17637 
0:23687 
0-22934 
021413 
0-28866 


0.21429 
0-25827 
0:30142 
0-26093 
0:21966 


0-17989 
0:27100 
0-18100 
0-22082 
026628 


0-26578 
0-22447 


Eccen- 
tricity 
e 


0-0793 
0.2309 
0-2553 
0-0889 
0-1917 


0-2024 
0-2312 
0-1567 
0-1221 
0-1171 


0-0996 
0-2203 
0-0858 
0-1674 
0-1879 


0-1390 
0-1349 
0-2185 
0-1576 
0-1417 


0-1629 
0-1027 
0-2338 
0-1314 
0-2558 


0-0866 
0:1729 
0-1497 
0-0731 
0-1269 


0:2251 
0-0829 
0-1753 
0-1149 
0-0464 


0-2725 
02236 
0-1680 
0-1474 
0-0815 


0:0749 
0-0676 
0-1060 
0-1968 
0-1831 


0-1257 
0-1257 


Mean 
Anomaly 
M 

27-449 
10-682 
301-848 
199-171 
144.557 


227-221 
257-619 
188-389 

34.461 
233-418 


76-087 
218-090 
49-517 
33-443 
178-425 


300-097 
110-203 
327-296 
347-612 
249-010 


130-480 
202-439 
221-973 

75-288 
298-362 


5-569 
67-983 
226-317 
135-552 
134-084 


173-426 
259-979 
236-215 
251-049 
148-103 


80-317 
354-463 
133-487 
OBES OH | 
330-223 


138-591 
200-137 
305-293 
302-222 
329-913 


262-385 
309-861 


Name 


Cybele 
Asia 
Leto 
Hesperia 
Niobe 


Sylvia 
Thisbe 


Julia 
Undina 
Aurora 
Klotho 
Hera 


Camilla 
Thyra 
Hermione 
Nemesis 
Antigone 


Hertha 
Eunike 
Nausikaa 
Prokne 
Philomela 


Kleopatra 
Athamantis 
Anahita 
Nephthys 
Bamberga 


Hermentaria 
Dembowska 
Eleonora 
Palma 
Aquitania 


Industria 
Aspasia 
Diotima 
Eros 
Patientia 


Papagena 
Davida 
Herculina 
Zelinda 
Alauda 


Interamnia 


BRIGHT MINOR PLANETS, 2009 
OSCULATING ELEMENTS 


FOR EPOCH 2009 JUNE 18-0 TT, ECLIPTIC AND EQUINOX J2000-0 


Magnitude 
Parameters 
H G 
6-62 0-01 
8-28 0-15 
6:78 0-05 
7:05 0-19 
7:30 =0-40 
7:96 0-25 
7:98 0-15 
7-61 0-15 
6:94 0-15 
7:04 0-14 
6-60 0-15 
6-61 0-15 
7:57 0-15 
7-63 0-15 
7:66 0-15 
7:08 0-08 
751 0-12 
7:31 0-15 
749 0-15 
7-07 0-33 
8-23 0-15 
762-0419 
7:13 0-03 
7-68 0-15 
6:54 0-15 
7:30") 40729 
71:35, 0-27 
8-75 0-15 
8:30 0-22 
6-82 0-09 
7-13 0-15 
5:93 0-37 
6:44 0-37 
7:20 0-15 
7-41 0-15 
7:88 0-15 
7:62 0-29 
2A 0:15 
11:16 0-46 
6:65 0-19 
6-73) 40:37 
6:22 0-16 
5:81 0-26 
8-52 0-15 
TS “OAS 
5-94 —0-02 


Mean 
Dia- 
meter 


Inclin- 
ation 
i 

3-559 
6-028 
7-972 
8-583 
23-264 


4-617 
8-662 
11-957 
10-858 
S27 


16-144 
9.923 
7-965 

11-785 
5-422 


10-049 
11-602 
7-599 
6-249 
12-219 


2-305 
23-225 
6-816 
18-487 
7-260 


13-096 
9-437 
2-365 

10-029 

11-108 


8-759 
8-256 
18-394 
23-864 
18-139 


8-133 
11-244 
11-234 
10-830 
15-222 


14-984 
15.937 
16-314 
18-128 
20-613 


17-290 


Long. 
of Asc. 
Node 
92 


fe} 


155-646 


316-074 


206-679 
218-792 
203-395 

73-308 
276-759 


311-640 
101-826 

2-694 
159-761 
136-271 


173-121 
308-974 
73-176 
76-428 
136-416 


343-839 
153-928 
343-303 
159-471 

72-557 


215-512 
239-949 
254-549 
142-450 
327-989 


92-134 
32-478 
140-407 
327-457 
128-312 


282-557 
242.350 
69-517 
304-376 
89-385 


84.092 
107-663 
107-600 
278-570 
289-969 


280-379 


Argument 
of Peri- 
helion 
) 
104.724 
106-146 
305-466 
289-873 
267-244 


200-890 
139-290 
122-227 
266-006 

36-447 


44.655 
242-192 
59-823 
268-543 
190-405 


309-787 

96-862 
297-759 
302-558 
108-335 


339-998 
224-333 

30-122 
162-998 
200-305 


179-955 
140-064 
80-340 
118-217 
43-871 


290-186 
347-482 

6-680 
115-893 
157-638 


264-420 
352-991 
202-919 
178-707 
339-884 


314-259 
338-309 

76-582 
213-924 
353-329 


95-759 


Mean 
Distance 
a 


3-4395 
2.4209 
2-7821 
2-9776 
2-75.43 


2-4450 
2:2962 
2-6541 
3-4855 
2:7688 


25509 
3-1875 
3-1605 
2:6684 
2-7014 


3-4761 
2-3797 
3-4442 
2-7496 
2-8687 


2-4290 
2-7398 
2-4034 
2-6182 
3-1132 


2:7962 
2-3825 
2-1987 
2:3524 
2-6843 


2-7956 
2:9251 
2:7982 
3-1436 
2.7390 


2-6098 
2:5758 
3.0654 
1.4583 
3-0589 


2:8853 
3-1677 
2:7716 
22963 
3-1926 


3-0620 


Daily 
Motion 
n 


0-15451 
0:26166 
021239 
0.19183 
0-21562 


0-25781 
0-28326 
0.22794 
0-15146 
0-21393 


0-24191 
0-17319 
0-17542 
0.22611 
0.22199 


0-15208 
0.26849 
0-15419 
0-21617 
0-20285 


0-26035 
021733 
0-26452 
0.23264 
0-17943 


0-21080 
026800 
0-30232 
0-27317 
0-22411 


0-21086 
0-19701 
0:21056 
0-17683 
0:21743 


0.23377 
0.23841 
0:18364 
0:55966 
0-18422 


020110 
0.17482 
021360 
0-28324 
0-17277 


0-18395 


Eccen- 
tricity 
e 


0:1079 
0-1850 
0-1861 
0-1686 
0-1760 


0-1905 
0-2001 
0-1917 
0-0810 
0-1657 


0-1837 
0-1015 
0-0881 
0-2563 
0-0803 


0.0774 
0-1921 
0-1354 
0-1247 
02123 


0-2059 
0-1276 
0-2459 
02358 
0-:0213 


0.2483 
0-0613 
0-1503 
0-0241 
0-3371 


0:0996 
0-0885 
0-1143 
0-2620 
0:2378 


0:0649 
0-0703 
0-0399 
0-2227 
0:0774 


0.2336 
0-1860 
0-1781 
0-2323 
0-0216 


0-1506 


G3 


Mean 
Anomaly 
M 


59-894 
57-823 
215-586 
329-494 
208-193 


20-931 
157-666 
120-598 
265-213 
358-307 


347-321 
273-132 

37-694 
218-086 
274-257 


138-803 
130-335 
24-919 
15-336 
293-017 


120-535 
121-605 
126-157 
157-176 
165-515 


31-572 
138-265 
153-092 
138-570 

3-588 


2-697 
153-060 
295-156 
176-681 

38-133 


101-018 

1-198 
117-582 
191-791 
157-842 


244-312 
62-780 
295-307 
35-772 
149-624 


156-733 


G4 


196 
354 


135 
216 


Name 


Prokne 
Harmonia 
Zelinda 
Victoria 
Eunike 


Antigone 
Athamantis 
Ausonia 
Nausikaa 
Euterpe 


Sappho 
Davida 
Egeria 
Urania 
Ceres 


Dembowska 
Interamnia 
Thyra 
Eugenia 
Amphitrite 


Leto 
Phocaea 
Eunomia 
Alexandra 
Flora 


Irene 
Doris 
Hera 
Hebe 
Patientia 


Aspasia 
Themis 
Sylvia 
Proserpina 
Laetitia 


Undina 
Kalliope 


Alauda 
Ariadne 
Philomela 
Eleonora 
Angelina 


Hesperia 
Hygiea 

lo 

Hertha 
Kleopatra 


June 


Jan. 
Jan. 
Jan. 
Jan. 
Jan. 


Feb. 
Feb. 
Feb. 
Feb. 
Feb. 


BRIGHT MINOR PLANETS, 2009 
AT OPPOSITION 


11 
15 
15 


11:5 
11-0 
9.8 
11-4 
9.8 


8-9 
11-4 
11-4 

9.9 
11-4 


10-5 
11-0 
11-9 
10:3 
10:3 


11-2 
10:8 


Dec. 


—00 
a2) 
+03 
+07 
+01 


aie iis) 
+04 
ail 
ate 
+18 


+02 
+27 
+ 36 
+10 
+24 


se ll7/ 
—12 
—06 
+06 
OL 


+06 
== IY 
ay 
28 
—02 


+01 
— 08 
= (y/ 
+05 
—01 


= 21 
— 16 
a7 
—20 
— 04 


—11 
27 


17 
18 


Name 


Papagena 
Palma 
Euphrosyne 
Camilla 
Klotho 

Iris 

Fides 
Astraea 
Industria 
Psyche 


Thisbe 
Eros 
Nysa 
Cybele 
Isis 
Thalia 
Daphne 
Juno 
Bellona 
Massalia 


Aquitania 
Julia 
Melpomene 
Nemausa 
Thetis 


Diotima 
Hermentaria 
Asia 
Hermione 
Fortuna 


Europa 
Nemesis 
Nephthys 
Parthenope 
Bamberga 


Niobe 


AT OPPOSITION IN EARLY 2010 


11-7 
11-1 
11-0 

9-6 
10-2 


10-3 

9:8 
12.2 
12-1 
11-4 


nee) 
+18 
+ 28 
+ 10 
icdul 


+05 
12 
—00 
+13 
—04 


42 
54 


4 
Bye 
94 
60 
719 


Vesta 
Pomona 
Aurora 
Echo 
Eurynome 


Lutetia 
Herculina 
Metis 
Anahita 
Pallas 


Daily ephemerides of minor planets printed in bold are given in this section 


Mag. 


11-2 
13-1 
OES) 
12-4 
12-4 


8-7 
11-2 
10-9 
11-3 

9.3 


9.8 
11-9 
10-3 
11-2 

9-4 


11-3 
11-3 
7-6 
11-3 
9.2 
11-2 
9.3 
7-9 
10-6 
11-5 


11-6 
10-5 
11-7 
11-6 

9.3 


10-1 
10-7 
11-4 
9-9 
9:8 


11-6 


+19 
+02 
+14 
+05 
+04 


+10 
+26 
— 02 
Ie 
+ 24 


CERES, 2009 
GEOCENTRIC POSITIONS FOR 05 TERRESTRIAL TIME 


Dae Astrometric ae Ep! i Dats Astrometric Vis. 
R.A. Dec. %8- Transit R.A. Dec. Mag 

h m Ss ° Si hm bh “mi Ss oO i 
2008 Dec. 28 11 15 20-2 +17 46 28 7-9 447-9 2009 Feb. 25 1102 06-1 +242022 6.9 
29 11 15 52-2 417 49 41 7:9 4 44.5 26 1101 14-1 +24 2651 69 
30 11 16 22-8 +175304 7-9 4 41-0 27 «+1100 21-7 +24 3309 6-9 
31 11 1652:0 +1756 37 7-9 4 37-6 28 1059 29-0 +24 3915 6.9 
2009 Jan. 1 11 1719-7 +180022 7-9 4 34.1 Mar. 1 1058 36-1 +244509 6.9 
2 11 1745-9 +1804 16 7-8 4 30-6 2 1057 43-1 +245051 69 
3 1118 10-6 +18 0821 7-8 4 27-1 3 1056 49-9 +24 5620 6-9 
4 11 18 33-7 +18 1237 7.8 4 23-5 4 1055 56:8 +25 01 36 6-9 
5 11 1855-4 +18 1703 7:8 4 19.9 5 1055 03-8 +25 06 38 6-9 
6 1119 15-4 +18 2139 7-8 4 16:3 6 1054 10-9 +25 1126 6-9 
7 11 19 34-0 +18 26 26 7-8 4 12-7 7 1053 18:2 +25 1600 7-0 
8 11 1950-9 +18 3123 7.7 4 09-0 8 1052 25:9 +25 2019 7-0 
9 11 2006-2 +18 3630 7-7 4 05:3 9 1051 33:9 +25 2424 7-0 
10 11 20 20:0 +18 4147 7.7 4 01-6 10 1050 42-4 +25 2815 7-0 
11 11 20 32:1 +18 4713 7.7 3 57-9 11 10 49 51-3 +25 3150 7-0 
12 1120426 +185250 7-7 3 54-1 12 10 4900-9 +25 3510 7-0 
13. 11 2051-4 +18 58 36 7-6 3 50-3 13 10 48 11-0 +25 3815 7-1 
14 11 2058-6 +19 04 32 7-6 3 46-5 14 1047 21-9 +25 4104 7-1 
15 11 21 04-1 +191037 7-6 3 42-7 15 10 46 33-5 +25 43 38 7:1 
16 11 2107-9 +19 1651 7-6 3 38-8 16 10 45 46:0 +25 4557 7-1 
Jan. 17 11 2110-0 +1923 15 7-6 3 34-9 17 10 4459-3 +25 4800 7:1 
18 11 21 10-3 +19 2947 7.5 3 31-0 18 1044 13-6 +25 4947 7.2 
19 11 21 09:0 +19 3628 7:5 3 27-0 19 10 43 28-8 +25 5118 7-2 
20 1121 06:0 +19 4317 7:5 3 23-0 20 10 42 45-1 +25 52 34 7.2 
21 «+11 2101-2 +1950 14 7-5 3 19-0 21 1042025 +2553 35 7:2 
22 11 2054-7 +195719 7.4 3 14-9 22 1041 21-1 +25 5420 7-2 
23 11 20 46-4 +2004 32 7-4 3 10-9 23 10 40 40-9 +25 54 49 7.3 
24 1120364 +201151 7-4 3 06:8 24 104001-9 +25 5503 7.3 
25 1120 24-7 +201917 7-4 3 02-6 25 10 39 24.2 +255501 7:3 
26 1120 11-3 +20 2650 7:4 SSS) 26 10 38 47-8 +25 5444 7.3 
27 «11 19 56-1 +20 34 28 7:3 2 54:3 27 «+10 38 12:9 +25 5412 7:3 
28 11 19 39-3 +204212 7:3 2 50-1 28 10 37 39-3 +25 5325 7-4 
29 11 19 20:7 +205001 7:3 2 45:8 29 10 37 07-2 +2552 24 7.4 
30 11 1900-5 +2057 54 7.3 2 41-5 30 10 36 36-6 +25 5107 7-4 
31 11 18 38-6 +2105 52 7:3 DeSiD 31 10 3607/5 +25 49 37 7-4 
Feb. 1 1118 15-1 +21 1353 7-2 2 32-9 Apr. 1 10 35 39-9 +25 4752 7-4 
2 11 1749-9 +21 2157 7-2 2 28:6 2 10 35 13-8 +25 45 53 7-5 
3 1117 23-2 +21 3004 7.2 2 24.2 3 10 34 49-4 +25 43 40 7-5 
4 11 1654-9 +21 3812 7.2 2 19:8 4 10 34 265 +25 41 14 7-5 
5 11 1625-1 +21 4622 7-2 7, iU5)63} § 10 3405-3 +25 38 34 7-5 
6 IW 1S 53:7 -F20354 33 Fel 2 10-9 6 10 33 45-6 +25 35 42 7-5 
7 1115 20-9 +2202 45 7-1 2 06-4 7d 10°33)27-6 =225 32 37 “4-6 
8 1114466 +221056 7-1 2 01-9 8 1033 11-2 +25 2919 7-6 
9 11 1411-0 +221906 7-1 il Syed! 9 10 32 56-4 +25 2549 7-6 
10 11 13 33-9 +22 2715 7-1 1 52-8 10 10 32 43-3 +25 2207 7-6 
11 1112 55-6 +22 3523 7-0 1 48-2 11 10 32 31-7 +25 1814 7-6 
12 11/12 15:9 +22 43 28 7-0 1 43-7 12 1032 21-8 +25 1409 7.7 
13. 11 11 35:0 +22 51 30 7-0 1 39-0 13. 10 32 13-6 +25 0953 7-7 
14 11 1052:9 +2259 28 7-0 ] 34.4 14 1032 07:0 +2505 25 7-7 
15 1110096 +2307 22 7-0 1 29-8 15 10 32 02:0 +25 0047 7-7 
16 1109 25-3 +23 1512 7-0 1 2arl 16 10 31 58-6 +2455 58 7-7 
17 11 08 39-9 +23 2256 69 1 20-4 Apr. 17 10 31 56-8 +245059 7.8 
18 1107 53:4 +23 3034 69 sy, 18 10 31 56:6 +2445 50 7-8 
19 1107061 +23 3805 69 1 11-0 19 10 31 58-1 +24 4031 7:8 
20 1106 17:9 +23 4529 69 1 06-2 20 10 3201-1 +24 3502 7:8 
21 1105 28:9 +235246 69 1 01-5 21 10 3205-8 +24 29 23 7:8 
22 11 04 39-1 +235954 6.9 0 56-7 22 1032119 +24 2335 7.9 
23 1103 48:7 +24 0653 6.9 0 52-0 23 10 32 19-7 +2417 38 7-9 
24 11 0257-7 +24 1343 69 0 47:2 24 1032 29:0 +24 1133 7-9 
Feb. 25 1102 06:1 +24 2022 69 0 42.4 Apr. 25 10 32 39:9 +2405 18 7.9 


Second transit for Ceres 2009 March 5¢ 23 592 
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Second transit for Juno 2009 September 214 23" 55™5 


HEBE, 2009 
GEOCENTRIC POSITIONS FOR 0 TERRESTRIAL TIME 


aie Astrometric ne Sis Dale Astrometric Vis. 
R.A. Dec. a8- Transit R.A. Dec. Mag 
h m 8 ° i H. h m h m s © no wy. 

2009 Mar. 4 15 28 01:3 — 05956 10-7 4 40-3 2009May 2 15 0611-7 + 55134 9.9 
5 15 28 19:0 — 05411 10-7 4 36-7 3) 15105 17-9 5.5639 9-9 
6 15 28 35-4 — 04819 10-7 4 33-0 4 15 04 239 + 60133 9.9 
7 15 2850-4 — 04220 10-7 4 29.3 5 1503296 + 60616 9-9 
8 15 29 04-1 — 03615 10-7 4 25-6 6 1502 35-1 + 61047 9.9 
9 15 29 16-4 — 03004 10-7 4 21-9 7 1501406 + 61505 9-9 

10 15 29 27-3 — 0 23 47 10-6 4 18-1 8 1500 46:0 + 61912 9.9 
11 15 29 36-8 — 017 23 10-6 4 14.3 9 145951-4 + 62306 9-9 
12 15 29 44.9 — 01054 10-6 4 10-5 10 1458 56:8 + 62648 9.9 
13. 15 2951-5 — 00419 10-6 4 06-7 11 1458024 + 63017 9.9 
14 15 29 56:7 + 002 22 10-6 4 02:8 12 1457 08-1 + 63333 9.9 
15 15 3000-5 + 009 08 10-6 3 58-9 13 1456 14:0 + 6 3636 9-9 
16 15 3002-8 + 01559 10-5 3 55-0 14 1455 20-2 + 63926 9-9 
Mar. 17 15 30 03:7 + 0 22 56 10-5 3 51-1 15 1454 267 + 64202 9.9 
18 15 3003-0 + 02958 10-5 3 47-2 16 14 53 33-6 + 64425 9.9 
19 15 3000-9 + 0 37 04 10-5 3 43-2 17 1452 40-9 + 6 4634 9.9 
20 15 2957-3 + 04415 10-5 3 39-2 18 1451 48-7 + 64830 9.9 
21 15 29 52-2 + 051 30 10-5 3) SB 19 145057:0 + 65011 10-0 
22 15 29 45-6 + 05850 10-4 3 31-1 20 145005-9 + 651 39 10-0 
23 15 29 375 + 10613 10-4 3 27-0 21 1449 15-4 + 65253 10-0 
24 15 29 27-9 + 11340 10-4 3 22-9 22 1448 25-6 + 65353 10-0 
25 15 29 16-7 + 12110 10-4 3 18-8 23 «14 47 36-6 + 6 54 39 10-0 
26 15 2904-1 + 1 28 43 10-4 3 14-7 24 1446 48-2 + 655 10 10-0 
27 +15 28 50:0 + 13619 10-3 3 10-5 25 14 4600-7 + 655 28 10-0 
28 15 28 34-4 + 1 43 58 10-3 3 06:3 26 1445 14-1 + 655 32 10-0 
29 15 28 17:33 + 151 38 10-3 3 02-1 27 14 44 28-4 + 655 22 10-1 
30 15 27 58-7 + 15921 10-3 2 57-8 28 14 43 43-6 + 65458 10-1 
31 15 27 38:6 + 20704 10:3 DY SB) 29 14 4259-8 + 65421 10-1 
Apr. 1 15 27 17:1 + 24449 10-3 2 49.2 30 14 4217-1 + 653 30 10-1 
2 15 26954.) ---2)222 35, 10-2 2 44.9 31 1441 35-3 + 65225 10-1 
3 15 26 29:7 + 2 3022 10-2 2 40-6 June 1 14 4054-7 + 65107 10-1 
4 15 26 03-9 + 2 38 08 10-2 2 36-2 2 1440 15-2 + 6 49 36 10-1 
5 15 25 36:7 + 24555 10-2 2 31-8 3 14 39 36:8 + 6 47 53 10-2 
6 15 25 08-1 + 25341 10-2 2 27-4 4 1438 59-6 + 645 56 10-2 
7 15 24 38-2 + 301 26 10-2 2 23-0 5 14 38 23-6 + 6 43 46 10-2 
8 15 24069 + 30909 10-1 2 18-5 6 1437 48-8 + 641 24 10-2 
9 16 2373433 -- 131652 10-1 2 14-0 7 1437 15:2 + 6 3850 10-2 
10 15 23 00-4 + 3 24 32 10-1 2 09-5 8 14 36 42-9 + 6 3604 10-2 
i 5)22925-3- -2 3) 32710, 1071 2 05-0 9 1436119 + 6 3305 10-2 
12 15 21 48-8 + 33945 10-1 2 00-5 10 14 35 42-1 + 62955 10-3 
13 15 21 11-2 + 34717 10-1 1 55-9 11 14 35 13-7 + 6 26 33 10:3 
14 15 20 32-3 + 35446 10-0 1 Sile3 12 14 34 46:5 + 6 2300 10-3 
15 15 19 52:3 + 402 10 10-0 1 46-7 13 14 34 20:7 + 619 16 10-3 
16 1519 11-2 + 409 31 10-0 1 42-1 14 14 33 56:3 + 615 21 10:3 
17 1518 28:9 + 4 16 46 10-0 1 37-5 15 14 33 33-1 + 61115 103 
18 15 1745-6 + 4 2357 10-0 1 32-8 16 14 33 11-4 + 60658 10:3 
19 15 1701-3 + 43102 10-0 1 28-1 17 1432 51:0 + 60231 10-4 
20 15 1615-9 + 43801 10-0 1 23-4 18 14 32 32:0 + 55754 10-4 
21 1515 29:7 + 44454 9.9 1 18-7 19 1432 144 + 55306 10-4 
22 1514425 + 45140 99 1 14-0 20 14 31 58-2 + 54809 10-4 
23 1513 54-4 + 45818 9.9 1 09.3 21 +1431 43-4 + 54302 10-4 
24 1513056 + 50449 9.9 1 04-5 22 14 31 30-0 + 5 37 46 10-4 
95 Wi i5-9> 245i 1 60:9 0 59-8 23 1431 18:0 + 53221 10-4 
96 15:10256 +517 27 99 0 55-0 24 14 3107-4 + 5 2647 10-5 
27 15 10 34:6 + 523.32 9:9 0 50-2 25 1430 58:2 + 52104 10-5 
28 1509 43:0 + 52928 9.9 0 45-5 26 14 3050-5 + 515 13 10-5 
29 1508 50:9 + 53515 9-9 0 40-7 27 1430 44-1 + 509 13 10-5 
30 1507582 + 54052 9.9 0 35-9 28 14 30 39-2 + 50306 10-5 
May 1 15 0705-2 + 5 46 18 9.9 0 31-0 29 14 30 35-7 + 45650 10-5 
May 2 1506 11:7 + 551 34 9.9 0 26-2 June 30 14 30 33-5 + 450 27 10-5 


Second transit for Hebe 2009 May 74 235 5772 


EBM NWWAHR BPUNNDOO RPENNW WHHENO Ore NY 
SSE REARS GESES GQHHHO AOANH AAD g 


G8 IRIS, 2009 
GEOCENTRIC POSITIONS FOR 05 TERRESTRIAL TIME 


Tate Astrometric ie ee ae Date Astrometric wi oa ape 
R.A. Dec. 48: Transit R.A. Dec. 8: Transit 

hi im 95s Oo ey h m hen: acs! Ona w/r h m 
2009 May 6 19 23 19-9 —20 47 51 10:3 427-3 2009 July 4 18 5247-0 —192140 8.7 0 04-6 
7 19 23 34-2 —20 45 24 10-2 4 23-6 5 1851 41-8 —192059 8-7 23 54-5 
8 19 23 46:9 —20 43 00 10-2 4 19.9 6 18 50 36-6 —192018 8-7 23 49-5 
9 19 23 58:1 —20 40 37 10-2 4 16-1 7 18 49 31-3 —191937 88 23 44.5 
10 19 24 07-8 —20 38 16 10-2 4124 8 18 48 26-1 —191857 8-8 23 39-5 
11 19 24 15-8 —20 35 56 10-2 4 08-6 9 18 47 20:9 —191817 8-8 23 34-5 
12 19 24 22-3 —20 33 39 10-1 4 04.7 10 18 46 16:0 —19 1738 88 23 29-5 
13. 19 24 27-2 —20 31 24 10-1 4 00-9 11 18 45 11-3 —191700 8-8 23 24-5 
14 19 24 30-4 —20 29 10 10-1 3 57-0 12 18 4406-9 —19 1622 89 23 19-5 
_ May 15 19 24 32-1 —20 2659 10-1 3 5301 13. 18 43 03:0 —19 1544 89 23 14-5 
16 19 24 32:0 —20 24 49 10-1 3 49-1 14 18 4159-5 —191507 8-9 23 09-6 
17 19 24 30-4 —20 22 42 10-0 3 45-1 15 18 40565 —19 1431 89 23 04-6 
18 19 24 27-0 —20 20 37 10-0 3 41-1 16 18 3954-2 —19 1354 90 22 59-6 
19 19 24 22:0 —20 18 35 10-0 SSE 17 18 38 52-5 —191319 9-0 22 54-7 
20 19 24 15-2 —20 16 34 10-0 Sy sisi 18 18 37516 —191244 9.0 22 49.8 
21 i9 2406-8 —20 1436 9-9 3 29-0 19 18 3651-5 —191209 9.0 22 44.9 
22 19 23 56:7 —201240 9-9 3 24-9 20 18 3552-4 —191135 9-0 22 40-0 
23 19 23 44-8 —201047 9.9 3 20-7 21) 18 34.54-2, =19.0h 02-921 2235-1 
24 19 23 31-2 —2008 56 9.9 3 16-6 22 18 33 57:0 —191029 9-1 22 30-2 
25 19 23 15-9 —200707 98 3 12-4 23 +18 33 00-9 —190957 9-1 22 25-4 
26 19 22 58:9 —2005 20 9-8 3 08-1 24 18 32 06:0 —190925 9-1 22 20-6 
27 +19 22 40-2 —2003 36 9-8 3 03-9 25 18 31 12-33 —190854 9-1 22 15-8 
28 19 22 19:7 —200155 9-8 2 59-6 26 18 3019-8 —1908 24 9-2 22 11-0 
29 19 2157-6 —200015 9-7 2, SBS) 27 + 18 29 28:7 —190754 9-2 22 06:3 
30 19 21 33:7 —19 58 38 9-7 2 51-0 28 18 28 39:0 —190725 9-2 2201-5 
31 19 21 08-2 —195704 9-7 2 46-6 29 18 2750-7 —190657 9-2 21 56-8 
June 1 19 20 41-0 —19 55 31 9.7 2 42-2 30 18 27 03:9 —19 0629 9-2 21 52-2 
2 1920 12:1 —195401 9-6 2 37:8 31 18 26 18:6 —19 0602 9-3 21 47-5 
3 1919 41-5 —19 5233 9-6 2 33-3 Aug. 1 18 25 34-9 —1905 36 9-3 21 42.9 
4 19 19 09-3 —195108 9-6 2 28-9 2 18 2452-7 —190511 9-3 21 38:3 
5 19 18 35-55 —1949 44 9.6 2 24.4 3 18 2412-1 —190446 9-3 21 33-7 
6 19 18 00-1 —19 48 23 9.5 2 19-8 4 18 23 33-2 —190422 9.3 21 29.2 
7 19 17 23:0 —19 4703 9-5 2 15-3 5 18 22 56:0 —190400 9-4 21 24-6 
8 19 16 44-4 —19 45 46 9.5 2 10-7 6 18 22 20-5 —1903 38 9-4 21 20-1 
9 19 16 04:3 —19 4431 9.5 2 06-1 7 AS 2046-7 =19.08 9-4 27:15.7 
10 19 15 22.6 —1943 18 9.4 2 01-5 8 18 21 146 —190257 9-4 21 11-3 
11 19 14 39-4 —194207 9.4 1 56-8 9 18 20 44.3 —1902 38 9-4 21 06-9 
12 19 13 54-7 —19 4057 9.4 1 52-1 10 18 20 15-9 —190220 9.5 21 02-5 
13. 19 13 08-6 —19 3950 9.3 1 47-4 11 18 1949-2 —190202 9-5 20 58-1 
14 19 12 21-1 —19 38 44 9.3 1 42-7 12 18 19 243 —190146 9-5 20 53-8 
15 19 11 32-1 —19 3740 9.3 1 38-0 13 18 1901-3 —190131 9-5 20 49.6 
16 19 1041-9 —19 36 38 9.3 1 33-2 14 1818 40-1 —1901 17 9-5 20 45.3 
17 19 09 50-3 —19 35 37 9.2 1 28-4 15 18 18 20-8 —190103 9-5 20 41-1 
18 19 08 57:5 —19 3439 9.2 1 23-6 16 18 18 03-4 —190051 96 20 36.9 
19 1908 03-4 —19 3341 9.2 1 18-8 17 18 17 47-8 —190039 9-6 20 32-7 
20 19 07 08:2 —19 3245 9-1 1 13-9 18 18 17 34.2 —190029 9-6 20 28-6 
21 1906 11-9 —19 3151 9%1 1 09-0 19 1817 22-4 —190019 9.6 20 24.5 
22 1905 145 —19 3058 9-1 1 04-2 20 1817 12:5 —190010 9-6 20 20-5 
23 19 04 16-2 —193006 91 0 59-3 21 18 1704-6 —190002 9-6 20 16.4 
24 1903 16-8 —19 2915 9.0 0 54:3 22 18 1658-5 —18 5954 9-7 20 12.4 
25 1902 16-7 --19 28 26 9.0 0 49.4 23 18 16 54-4 —185948 9-7 20 08-5 
26 1901 15-7 —19 2737 9-0 0 44-5 Aug. 24 18 1652-2 —185941 9.7 20 04-5 
27 +1900 13:9 —19 2650 8-9 0 39-5 25 18 16 51:8 —18 5936 9-7 2000-6 
28 1859 11:5 —19 2603 8-9 0 34-5 26 18 16 53-4 —18 5931. 9:7 19 56-8 
29 1858 08:5 —192518 89 0 29-6 27 18 16 56:8 —18 5926 9-7 19 52.9 
30 1857 05:0 —19 24 33 88 0 24-6 28 18 17 02:1 —185922 9.8 19 49.] 
July 1 18 5601-0 —19 23 49 8.8 0 19-6 29 18 1709-2 —185918 9.8 19 45.3 
2 18 5456-6 —192305 8&8 0 14-6 30 18 17 18:2 —185914 9.8 19 41.6 
3 1853 51-9 —19 2222 8.7 0 09-6 31 1817 29:0 —185911 9-8 19 37.8 
July 4 18 5247-0 —192140 87 0 04-6 Sept. 1 18 1741-6 —185908 98 19 34.2 


Second transit for Iris 2009 July 44 23 5926 


FLORA, 2009 
GEOCENTRIC POSITIONS FOR 02 TERRESTRIAL TIME 


Date Astrometric wie Epen ae Astrometric Vis. 
R.A. Dec. a8: Transit R.A. Dec. Mag 

h m Ss Oo) ae h m h m s Oo. aay 7 
2009 Feb. 19 14 29 01-8 — 645 17 10-8 432-6 2009Apr. 19 1402519 — 21515 9.8 
20 14 29 21-2 — 6 43 44 10.8 4 29.0 20 1401 51-4 — 20957 9.8 
21 14 29 39:1 — 6 4203 10-8 4 25-4 21 140050:7 — 20444 9.8 
22 14'29:55-4 — 6 40 13 10:8 4 21-7 22 135950:0 — 15937 9.8 
23 14 3010-1 — 63815 10-8 4 18-0 23 1358 49-3 — 15436 9.8 
24 14 30 23-2 — 6 3608 10-7 4 14.3 24 1357 48-8 — 14943 9.8 
25° 149301346 =46133 53 1047 4 10-5 25 1356484 — 14457 9.8 
26 14 30 44-4 — 6 31 30 10-7 4 06-7 26 1355 48:3 — 14019 9.8 
27 14°30 52-5. =7628 58) 1037 4 02-9 27 +1354 48-5 — 13548 9.8 
28 14 30 59:0 — 6 26 18 10-7 3 59-1 28 1353 49-1 — 13126 9.9 
Mar. 1 14 31 03:7 — 6 23 30 10-7 3 55-2 29 135250-2 — 12713 9.9 
2 1431 06-8 — 6 20 34 10-6 3 51-3 30 1351 51-9 — 12309 9.9 
Mar. 3 14 31 08-1 — 61730 10-6 3 47-4 May 1 1350541 — 11914 9.9 
4 14 3107-7 — 61417 10-6 3 43-5 2 1349570 — 11528 9.9 
5 14 3105-6 — 61057 10-6 3 39-5 3 13 49 00-7 — 11152 10-0 
6 14 3101-8 — 60729 10-6 3135.5 4 1348 05-1 — 108 26 10-0 
7 1430563 — 603 54 10-5 3 31-4 5 13 47 10-4 — 105 10 10-0 
8 14 30 49:0 — 60010 10-5 3 27-4 6 13 46 166 — 10204 10-0 
9 14 30 40:0 — 5 56 20 10-5 3 23-3 7 13 45 23-7 — 05909 10-0 
10 14 30 29-3 — 55222 10:5 3 19-2 8 13 44 31-8 — 0 56 24 10-1 
11 14 30 16-8 — 5 48 16 10-5 3 15-0 9 13 43 40-9 — 05350 10-1 
12 1430026 — 5 4404 10-4 3 10-8 10 13 4251-2 — 051 26 10-1 
13 14 29 46:6 — 5 39 44 10-4 3 06-6 11 13 42025 — 049 14 10-1 
14 14 29 28:9 — 5 35 18 10-4 3 02-4 12 1341 15:0 — 0 47 13 10-1 
15 14 2909-5 — 5 30 44 10-4 2 58-1 13. 13 40 28:8 — 045 22 10-2 
16 14 28 48-3 — 5 2605 10-4 2 53:8 14 13 39 43-8 — 0 43 43 10-2 
17 14 28 25-5 — 52118 10-4 2 49-5 15 13 39 00:0 — 0 4215 10-2 
18 14 2800-9 — 5 16 26 10-3 2 45-2 16 13 38 17-6 — 04058 10-2 
19 14 27 34.6 — 5 11 27 10-3 2 40-8 17 13 37 36:6 — 0 39 53 10-2 
20 14 2706-6 — 5 06 23 10-3 2 36-4 18 13 3656-9 — 0 3859 10-3 
21 +14 26 36-9 — 501 13 10-3 2 31-9 19 13 36 18-6 — 0 38 16 10:3 
22 14 2605-6 — 455 58 10-2 DOVES) 20 13 35 41-7 — 03745 10:3 
23 «14 25 32:7 — 450 38 10-2 2 23-0 21 +13 35 06-3 — 03725 10:3 
24 14 2458-1 — 445 13 10-2 2 18-5 22 13 34 32-4 — 03716 103 
25 14 24 22:0 — 4 39 43 10-2 2 13-9 23 +13 3400-0 — 0 3719 10-4 
26 14 23 44.3 — 43409 10-2 2 09-4 24 13 33 29-1 — 0 37 33 10-4 
27 +14 23 05:0 — 4 28 32 10-1 2 04-8 25 13 32 59-8 — 0 3758 10-4 
28 14 22 24.3 — 42250 10-1 2 00-2 26 13 32 32:0 — 0 38 34 10-4 
29 14 21 42-2 — 41706 10-1 1 55-5 27 W3 3205-8 — 10 39122 104 
30 14 2058-7 — 41119 10-1 1 50-9 28 13 31 41-2 — 040 20 10-5 
31 1420 13-7 — 405 29 10:1 1 46-2 29° 13:31 18-2: =——0 430) 1085 
Apr. 1 1419 27:5 — 3 59 37 10-0 1 41-5 30 =13 30 56:7 — 0 4250 10-5 
2 1418 40:0 — 3 53 44 10.0 1 36:8 31 13 30 36:9 — 0 44 20 10-5 
3 1417513 — 34749 10-0 1 32-0 June 1 13 30 18-7 — 0 4602 10-5 
4 141701-4 — 34153 10-0 IL 27k 2 2 13 3002-1 — 0 4753 10-6 
5 1416105 — 3 35 56 10-0 1 22:5 3 13 29 47:0 — 04955 10-6 
6 1415 18-4 — 32959 9.9 Nilo v 4 13 29 33:4 — 05207 10-6 
7 1414 25-4 — 32403 9.9 1 12-8 5 13 2921-7 — 054 28 10-6 
8 14 13 31-4 — 31806 9.9 1 08-0 6 13 2911-5 — 05700 10-6 
9 1412365 — 31211 9.9 1 03-2 7 13 2902-8 — 05941 10-7 
10 1411407 — 30617 9.9 0 58-3 8 13 28 55-6 — 1 02 32 10-7 
11 1410 44.2 — 30025 9.9 0 53-4 9 13 28 50-1 — 105 32 10-7 
12 1409 47:0 — 25434 9.8 0 48-6 10 13 28 46:0 — 1 08 41 10-7 
13 1408 49-2 — 24847 98 0 43-7 11 13 28 43-6 — 11159 10-7 
14 140750:7 — 24302 9.8 0 38-8 June 12 13 28 42-6 — 1 15 26 10-7 
15 1406 51:7 — 23720 9-8 0 33:8 13. 13 28 43-2 — 11902 10:8 
16 1405 52:33 — 23142 98 0 28-9 14 13 28 45-3 — 12246 10-8 
17 1404525 — 22609 98 0 24.0 15 13 28 48-9 — 1 26 39 10-8 
18 14035233 — 22040 98 0 19-1 16 13 28 54:0 — 1 3040 10-8 
Apr. 19 1402519 — 21515 98 0 14-1 June 17 13 2900-6 — 1 3449 10-8 


Second transit for Flora 2009 April 214 23 5973 


BUY DOK KH NHONWWH BRNOOCH 
OHS VANIS AHASA SASAS KROKGHK GHRESE 


CAW ODHWOX ANOS AHYNHKS OHIAN ARBODHE 


i) 
i) 
A 


Nn 


Ww aA oor 
Oo 
WOWcmowW Of 


G10 EUNOMIA, 2009 
GEOCENTRIC POSITIONS FOR 05 TERRESTRIAL TIME 


M ; : Ephem- 
Astrometric Vis. Ephem Astrometric Vis. nis 
Date Ma eris Date Mag eris” 
R.A. Dec. 8 Transit R.A. Dec. Transit 
h m Ss ° hi h h m s ° 1 id h m 


2009 Feb. 8 13 15 32-2 —22 4641 10-6 23 31-0 
9 


2009 Apr. 8 12 4055-4 —23 03 10 
13 15 32-0 —22 51 54 10-6 9 


12 40 01-8 —22 57 57 


N 
WwW 
N 
lon 


10 12 39 08-6 —22 52 36 
1 12 °38615:8) 2274707 
12\ 12 37 23-5 —22 41 30 


13 12 36 31-6 —22 35 46 
14 12 35 40-3 —22 29 56 
15 12 34 49-6 —22 23 59 
16) °12°33959:5: = 2251756 
U7) MBB M0-2: S22 aes 


18 12 32 21-5 —22 05 34 
19) °12°315 33-6: S21PSO IS 
20 12 30 46-6 —21 52 52 
21 12 30 00-4 —21 46 25 
22t 229 Se E995 


231 12528" 30-8* 21933) 24 
24 12 27 47-4 —21 26 45 
251 12.27/° 05-1. 21620) 07 
26 “12.26 23°38. 2218 18) 27 
27 12 25 43-6 —21 06 45 


10 13 15 30:3 —22 5659 10:6 
11 13 15 27-3 —23 01 57 10-6 
12 13 15 22-9 —23 06 46 10:5 


13. 13 15 17-0 —23 11 28 10-5 
14 13 15 09-8 —23 1601 10-5 
15 13 1501-1 —23.20 27 10:5 
16 13 1451-1 —23 24 43 10-5 
17 13) 145396 23928") “10:5 


18 13 14 26-6 —23 3250 10-5 
19 13 14 12.3 —23 3640 10-4 
20 13 13 56:5 —23 40 21 10-4 
21 13 13 39-2 —23 43 52 10-4 
22 13°13 20-6 —23 47 13 10-4 


23. 13 13 00-5 —23 50 25 10-4 
24V 13"12139-1 = 23753127 10:4 
25 13 1216-2 —23 5618 10-4 
26 13 11 51-9 —23 5859 10:3 

13 11 26-3 —24 01 30 10-3 


So S2POOCOCOO OOOOO WOOwWWWO W000 CO 
NNNN N 
NNNNY N 
oO tL 


eS Secor Vee e. See es Seow 


Ore RR RR Be BR Re BP Ee RE PNY NN NNNNYY NNNNW WWWWW WWWWW WWWW Ff 
— 


BUNSS —H=NNW VERRAN NOOR E YNNWWYW AAUND DORPREN NWWWA BUUAUS 
DOD BWIDA NAEAS ASHROK WHAND HUSKRO BANDS ARGWAW AOCHKWDY ADHRODW gs 


‘5 
55 2 
5) 3 
6 ‘5 
5 8 
5 0 
4 2 
4 4 
8 ‘7 
ail 0 
x) 2 
8 P) 
6 8 
4 , 
af 5 
5 8 
5 2 
9) 6 
9 0 
27 ‘S 4 
28 13 10 59-2 —24 03 50 10-3 “1 28 12 25 04:5 —21 00 03 21 56-9 
Mar. 1 13 10 30-9 —24 06 00 10-3 ‘7 29 12 24 26-5 —2053 20 10:0 21 52.3 
2 13 1001-2 —24 07 58 10-3 3 30 12 23 49-8 —20 46 37 10-0 21 47-8 
3 13 09 30-1 —24 09 45 10-3 8 May 1 12 23 14.2 —20 3954 10-1 21 43-3 
4 13 08 57-8 —24 11 21 10-2 4 2 1222 39:9. =2033 12 10:1 21 38-8 
5 13 08 24-3 —24 12 46 10-2 9 3 12 22 06-8 —20 2631 10-1 21 34-4 
6 13 07 49-4 —24 13 59 10.2 4 4 12 21 34-9 —20 1952 10-1 21 29-9 
7 1307 13-4 —24 1501 10.2 8 5 12°20°04-3 =2013°14 WO 21°25:5 
8 13 06 36-1 —24 15 51 10-2 3 6 12 20 35:0 —20 06 39 10-1 21 21-1 
9 13 05 57-7 —24 16 30 10-2 ‘7 7 12 2007-1 —200006 10-2 21 16-8 
10 13 05 18-2 —24 1656 10-1 “1 8 12 19 40-4 —19 5335 10-2 21 12-4 
11 13 04 375 —2417 11 10-1 ‘5S 9 1219 15:0 —19 4708 10-2 21 08-1 
12 13 03 55-8 —24 17 13 10-1 9 10 12 1851-0 —19 4045 10-2 21 03-8 
13. 13 03 13:0 —24 17 04 10-1 2 11 12 18 28-3 —19 3425 10-2 20 59-5 
14 13 02 29-2 —24 16 42 10-1 6 1Z 12 1807-0 —19 28 09 10-2 2055.2 
15 13 01 44-4 —24 1608 10-1 9 13. 12 17 47-0 —19 21 57 10:3 2051-0 
16 13 00 58-7 —24 15 21 10-1 2 14 12 17 28-3 —19 1550 10-3 20 46-8 
17 13 00 12-1 —24 14 23 10-0 5 15 12 1711-0 —19 09 47 10:3 20 42-6 
18 1259 24.6 —24 13 12 10-0 8 16 12 16 55-1 —19 0350 10:3 20 38-4 
19 12 58 36:3 —24 11 48 10-0 0 17 12 16 40-5 —18 5758 10-3 20 34-3 
20 1257 47.2 —24 1012 10-0 3 18 12 16 27-4 —1852,11 10:3 20 30-1 
21) 12 56 57:3 —24 08 24 10-0 5 19 12 16 15-5 —18 46 30 10-4 20 26-0 
22 1256 06-8 —24 06 24 10-0 7 20 12 1605-1 —18 4055 10-4 20 21-9 
23) 1255 15:7 —240411 10:0 053-0 21 12 15 56:0 —18 35 26 10-4 20 17.9 
24 12 54 23-9 —240147 9.9 0 48-2 22 12 15 48-2 —18 3004 10-4 20 13-9 
25 12 53 31:7 —235910 99 0 43-4 23 12 15 41-9 —18 2448 10-4 20 09-8 
26 12 52 38:9 —23 5621 99 0 38-6 24 12 15 36-8 —18 19 39 10:4 20 05-8 
27 1251 45:8 —23 5320 9.9 0 33-7 25 12 15 33-2 —18 1437 10-5 2001-9 
28 1250 52-2 —235008 9-9 0 28.9 26 12 15 30-9 —18 0941 10-5 19 57-9 
29 12 49 58-4 —23 4645 99 0 24-1 May 27 12 15 29-9 —18 0453 10:5 19 54.0 
30 12 4904-3 —234310 99 019.3 28 12 15 30-3 —18 0013 10:5 1950-1 
31 1248 10:0 —23 3924 9.9 0 14.4 29 12 15 32:0 —1755 39 10:5 19 46.2 
Apr. 1 12 47 15-6 —23 35 27 9:8 0 09-6 30 12 15 35-0 —175114-10-5 19 42.4 
2 12 46 21:0 —23 3120 9:8 0 04-8 31 12 15 39-3 —17 4655 10:5 19 38-5 
3 12 45 265 —23 2702 9-8 23 55-1 June 1 12 15 44-9 —17 4245 10-6 19 34.7 
4 12 44 32:0 —23 2235 9:8 23 50:3 2 1215 51-8 —17 38 42 10:6 19 30.9 
5 12 43 37-6 —23 1758 98 23 45.4 3 12 15 59-9 —17 3447 10-6 19 27-1 
6 12 42 43:3 —231311 98 23 40-6 4 12 1609-3 —17 3100 10-6 19 23.4 
7 12 4149.2 —230815 98 23 35.8 5 12 16 20-0 —17 2721 10-6 19 19.6 
Apr. 8 12 4055-4 —2303 10 9-8 23 31-0 June 6 12 16 31:8 —17 2350 10-6 i9 15.9 


Second transit for Eunomia 2009 April 24 238 59™9 


Date 


2009 June 8 


July 


18 


PSYCHE, 2009 


GEOCENTRIC POSITIONS FOR 0 TERRESTRIAL TIME 


Astrometric 
R.A. Dec. 
h m Ss ° if a) 


21 24 21-6 —13 08 38 


21 24 36:9 —13 07 33 
21 24 50-8 —13 06 36 
21 25 03-4 —13 05 45 
21 25 14-7 —13 05 01 
21 25 24.6 —13 04 24 
21 25 33-2 —13 03 55 
21 25 40:3 —13 03 32 
21 25 46-2 —13 03 17 
21 25 50-6 —13 03 09 
Z1N25, 53-6) = 1370309 
Z2i25505-5) = 13) 03) 16 
21 25 55:5. = 13, 03 30 
21 25 54-3. —13 03 53 
21 25 51:7 —13 04 23 
21 25 47-6 —13 05 00 
21 25 42:2 —13 05 45 
2 25 35-3" 15) 06°38 
2 25 27-0. —13' 07 39 
ZL 25 Vi-2 =13 08.48 
21 25 06-1 —13 10 04 
212A. 53°5» = 13 1 27 
Z1e24, 39:6) = 13) 12) 59 
21 24 24-3 —13 14 38 
21 24 07:5 —13 16 24 
21 23 49-4 —13 18 18 
228) 30:0 1372020 
Zi 23,09: 1e 1812229 
21 22 47:0 —13 24 45 
21 22. 23-5» =13 27. 08 
Ze 2s 84 13; 29739 
2M 21,32:6- = 13) 32. 17 
2121, 05-2) 13 35, 01 
220) 36:5 = 18 37. 53 
21 20 06:6 —13 40 51 
21 19 35-5 =13) 43. 56 
21 19 03-1 —13 47 08 
21, 1829-6" =13' 50) 26 
21 17 54-9 —13 53 50 
2M VAS: SAB ov, 20 
21 16 42:3 —14 00 56 
21 16 04-4 —14 04 37 
Ze 5) 25-5) = 14°08) 25 
21 14 45-6 —14 12 17 
21 14 04.7 —14 16 14 
21 13 23:0 —14 20 16 
21 12 40-5 —14 24 23 
21 11 57-1 —14 28 33 
21 11 13:0 —14 32 48 
21 10 28-2 —14 37 06 
21 09 42-8 —14 41 28 
21 08 56:8 —14 45 52 
21 08 10-3 —14 50 20 
21 07 23-3. —14 54 50 
21) 0635-9. ST4NS2 22 
21 05 48-1 —15 03 56 
21 04 59-9 —15 08 32 
21 04 11-6 —15 13 09 


21 03 23-0 —15 17 47 
21 02 34-3. —15 22 26 


Ree Ne pee ne ORS ONO OS eae pe aac eh 
BHKRKR ANAADA QAQAIAIU LIhHmHmdHOwo COOOL 


‘© 
do 


Date 


= 


2009 Aug. 


Sept. 


NW WHEN DOCK K NNWWH PRRNNS CDORKPKEN NNWWH HANNAN DOPE 
OO SSS ON OS IS OO) A ON SF 00S CN SS COSI ONO) COS SO SO og 
Ae DARIEN KENOWWD OBRNYNON NHAWOCOCN WEUAND DADNUNAAK WRKOAD fRKEODW 


Sept. 


SCOOO COOCO0C0 OC rm mR me ee SS SE BE SE SE UR NNNN NYNNNNN NNNNW WWWWW WWWWWH WWWWW HAHAHA HL 


See Nw NWWAHL UN 
PNG Coe 8) AS RIS ons 1 OS 
ONMNN ODABK CO Le 


Oct. 


o 
i) 
& 
w 


6 
U 


Astrometric 
R.A. Dec. 
h m Ss ° ae id 
21 02 34-3 —15 22 26 
21 0145-5. 15 2705 


21 00 56-6 —15 31 45 
21 00 07-8. —15 36 25 


20 59 19-1 —15 41 04 
20 58 30-5 —15 45 43 
20S 42-2) = 1a) 502i 
20 56 54-1 —15 54 58 
20 56 06-3 —15 59 33 


20 55 18-8 —16 04 06 


20 54 31-9 —16 08 38 
20 53 45-4 —16 13 07 
20 52 59-5 —16 17 34 
20 52 14:2 —16 21 58 
20 51 29-6 —16 26 20 


20 50 45-7 —16 30 37 
20 50 02-6 —16 34 52 
20 49 20-4 — 16 39 02 


20 48 39-1 —16 43 09 
20 47 58-7 —16 47 11 
20 47 19-3 —16 51 09 


20 46 41-0 —16 55 03 
20 46 03:7 —16 58 51 
20 45 27-6 —17 02 35 
20 44 52-7 —17 06 14 


20 44 19:0 —17 09 48 
20 43 46:5 —17 13 16 
20°43 15:37 SAG 16) 39 
20 42 45-4 —17 19 56 
20 42 16-8 —17 23 08 


20 41 49-6 —17 26 14 
20) 4 23:8 S17 29015 
20 40 59-4 —17 32 09 
20 40 36:5 —17 34 58 
20 40 15-0 —17 37 41 


20 39 55:0 —17 40 17 


20 39 36:5 —17 42 47 
2039) 19:5. Ne 45) al 
20 39 04:0 —17 47 29 
20 38 50-1 —17 49 41 
20 38 37-7 —17 51 46 
20 38 26:9 —17 53 45 
2038 17-8) 17095) 3i/ 


20138 10:29 = WisTe 23 
20 38 04-2 —17 59 02 


20 37 59-8 —18 00 34 
20 37 357-1 =18 02 00 
20 37 56:0 —18 03 19 
20 37 56-4 —18 04 32 
20 37 58-6 —18 05 38 


20) 38:02:3, = 18°06 37 
20 38 07:6 —18 07 30 


20 38 14-6 —18 08 16 
20 38 23-1 —18 08 55 
20 38 33-2 —18 09 28 
20 38 44.9 —18 09 55 
20 38 58-2 —18 10 14 


20) 39 13:0! = 18) 10) 27 
20 39 29-4 —18 10 34 
20 39 47:3 —18 10 34 


Second transit for Psyche 2009 August 64 23" 595 


Vis. 


S 
gq 


WBoOWBHWNY HYHWVWNHK SEEK HE COOOS OCODOO wBmmmme QUQIANY ADADADN ANANH BRBDHDW 


SSSSS SSSSS SSSSS SSSSS OOCOGOOG GQOGGOOS OGOGGOGO OGOOGG OGOOos ooowoo 


SO SS SO SK 


WwW 


NNNY WV 
WW WW 


NNWNMNMNM NW 
NNMNHY NW 


DAOWIS B®NNS BIEMNO 


BEANS DOPE NNWW 
wahoo 


a Oe Oo) 
SRENONO LS re 


G12 


Date 


2009 Oct. 20 


Oct. 31 
Nov. 


See SRS RPooe 
— 


AMMAAMAAM AANAAA AAAAMN ANAND DANDNDDD ADDDDA ADDDAD ADDADAD ADDDD ADDADAD ADDADAD ADADADAQ = 


BRABRHR UNUAN ANAM ANNSDS SGOSOS SGSOOSS CODD GOP HH BHR EHE 


EUROPA, 2009 


GEOCENTRIC POSITIONS FOR 0 TERRESTRIAL TIME 


Astrometric 


R.A. 


SOS SSNS 
CON WRK OhW 
ea 


= 
—_ 
> 


BROOCOD COWWD BHAGH WOCQANaw YNUADKRS PHAN INDO AIHA GS NONOK NDOMNS HOW OHE KONO 


BRWNN —OUNBW NEOUW NOUWHE UWEWUN OCWOWSD GUNES DASE BUBSH Seba & 
tee ete sete 


MAADAANCWO CORP KNW BADA~ WOWORK KHNWWR ANDAAY ANDOO OCOOCCDCO COCOOee 
S=BEAS PEAUA ADENS RROVAD YAAK A SRAAR BIA 


Dec. 


+15 44 44 
5°43) 23 
+15 42 02 
+15 40 43 
+15 39 24 


15938) OF 
+15 36 51 
+ 1535. 37, 
+15 34 24 
lo OSes 


flo 3208 
+15 30 56 
+15 29 50 
+15 28 46 
+15 27 44 


+15 26 45 
+ l5! 25147], 
Fld) 2A" 52 
Sells) Met ef) 
=+- [3 23709 


1S) 22-22 
lis! 2a 3H) 
= 15-2055 
= 5:20) 16 
+15 19 40 


sel RON OW, 
ails) ey Sy 
edly 1S) JID 
+15 17 46 
+ 15 17 26 


S eilesy 170) 
+15 16 56 
+15 16 46 
+15 16 40 
+15 1637 


+15 16 38 
+15 16 43 
=p'S 16) 51 
=P sit7 (03 
sjatlay 17) Ae) 


spall) atl ese) 
+15 18 02 
+15 18 30 
+15 19501 
2 1'5)'L9"36 


pulse 2001S 


Second transit for Europa 2009 December 174 23" 59™2 


NN YWWARARN NOSE ENNWW BREUN COOP R NNNWYW FRARRUN DOCH 
BS re Se Le TO Er CO el Ros i Ce ON Ga St 


Woonceo eococo COCR Re RR Re Re Re RR RE RK RE PFNNNN NNNNNW NNWNNMNY WWWWW WWWWWHW WWWWWH HAAHALA 
oe 


ROOIMN BEwoAK HOAs 


N 


Date 


2009 Dec. 18 


2010 Jan. 


Feb. 1 


Feb. 


a 
B 
x 


BWNRO NPWNNHY KK COMA 
FOOSHY GAIGH ABSA 


mR RH KVM NMY NNNMNNNY NNNNMN NHNNNNNY NWWWW WWWWWH WWWAAH ARHPAAL 
SCOR RADOR IDRENO WHODHE AUMBHYI HNHHDON AHOWS OFANS BXIDAN SOHwWEHN QAeLWW PAOLA 


AANA AAA ANAK NANA ANnGnAn Annnn ANNAN ANNAN ANnNNnMnN ANnNNANN 
Fg are gh a a fergie ee Fan 
OO ODHDOHHDH DDADAMDD WDOOWOOO COCO KPRKBNNW WHEN DAAINWO ODRPNNY WENDY AMOCH HWA HN 
BERE=NN OCONWND HROWNH] —EWROD YNHO=wW NORO A 


WWW NOKRNW PONFTD NWNHKH Pe PRN WR NWHK NAWNHEN 


NK ONRRW 
=ALYS PRAIHGS AVOHD 


NAMAAnN Annan 


Astrometric 


Dec. 


° / A 


+15 36 10 
+15 37 47 
15 39)28 
+15 41 12 
+15 43 00 


+15 44 52 
+15 46 48 
+15 48 47 
+15 50 49 
pS) 52°55 


+15 55 04 
5 ieee Saly 
AS 39:32 
+16 O01 S51 
+16 04 14 


+16 06 39 
+16 09 08 
4-16) E39. 
+16 14 14 
+16 16 51 


er 19) 32. 
“LO 22) 15 
+16 25 01 
=F-16 27 50 
+16 30 42 


+16 33 36 
“G30; 33 
= Oro 3S 
+16 42 34 
+16 45 39 


+16 48 45 
+16 51 54 
+16 55 06 
+16 58 19 
+17 01 34 


+17 04 51 
+17 08 11 
PET Th 32 
+17 14 55 
fe iS 1S. 


il eal 
+18 O1 00 
+18 04 40 
+18 08 21 
+18 12 02 


+18 15 44 
+18 19 26 
+18 23 09 
+18 26 52 
+18 30 35 


Ephem- 
eris 
Transit 


NNN 
WWW 
AAA 

\o 


2, 
Papi) 
23% 


BR HEDONS ACK 


NNN 
NNW 
ANNO 


/apbaia, 
/peaian 
22 28: 


PRA: 


iS) 
i) 
— 
ADRO POWON IND 


N 
NO 
hfe) 
mn 


to nN tN 
— — — 
Ww RAN 
oo NNO 


No >) 
— — 
NWN WwW 
KFeUnOoOs 


i) 
pam 


NNWNN NNW 
OBRABRUN NOCORF KB ReENNW WWAHAN 


= 
O00 C©OSSS SSO 
BOANS IADBEO CIUDAD QAAIYUAGO SGNHNKDH HFKQEUN OHINHYA YVHHON Hoh OS NDYNOOXNK NVOHMDK VNOMODE 


DOr NOW HDHOLOH NOW KNOWN DS 


CYBELE, 2009 G13 
GEOCENTRIC POSITIONS FOR 0' TERRESTRIAL TIME 


aie Astrometric byt ee Die Astrometric Vis. me al 
R.A. Dec. ag. Transit R.A. Dec Mag. Transit 

h m Ss ° i of h m hm s ° yon h m 

2009 July 10 23 28 03-8 — 325 18 12-4 415-7 2009Sept. 7 23 06 46:5 — 6 35 27 11-2 0 02-3 
11 23 28 10-8 — 3 25 21 12.4 4 11-9 8 23 06 06-4 — 6 40 33 11:2 23 53-1 
12 23°28 16:8 — 3 2532 12-4 4 08-1 9 2305 26-2 — 645 37 11-2 23 48-5 
13) 232801274 — 3925 50) 1224 4 04.2 10 23 04 46-1 — 65040 11-3 23 43.9 
14 23 28 25-4 — 32616 12-4 4 00-3 11 2304 06-1 — 655 42 11-3 23 39-3 
15 23 28 28-1 — 3 2650 12-4 3 56-4 12 23 03 263 — 70042 11-4 23 34.7 
July 16 23 28 29-6 — 32731 12:3 352.5 13) 23:02 46-6 — 705 41 11:4 23 30-2 
17 23 28 30:0 — 32819 12.3 3 48-6 14 2302 07:1 — 71037 11-4 23 25-6 
18 23 28 293 — 32916 12.3 3 44.6 153034018 ON RISES ONES © 2391-0 
19 23 28 27/5 — 33019 12.3 3 40-7 16 2300 49-1 — 72021 11:5 23 16-4 
20 23 28 24:5 — 3 3131 12-3 3 36-7 17 2300 10-6 — 72509 11:5 23 11-9 
21 23 28 20-4 — 3 3250 12:3 3 32-7 189) 227595324) — 7 295588 116 231073 
22) 23°285152 — 33417 12:2 3 28-6 19 2258 54-7 — 7 3434 11-6 23 02-8 
23 23 28 08-9 — 33551 12.2 3 24-6 20 2258 17:5 — 73911 11:6 22 58-2 
24 23 2801-4 — 3 37 33 12-2 3 20-5 21 2257 40:7) — 784344" 11-6 922°53-7 
25) 23127 5228, —93°39:23 12:2 3 16-4 22)) 22 ‘5750455. —) 7-48 13° lie 22°49:2 
26 23 27 43-2 — 34119 12-2 35123 23. 22 56 28:9 — 75237 11:7 22 44.7 
27° 23°27 32:4)\ — 3:43124 12:2 3 08-2 24 2255 53:8 — 75657 11:7 22 40.2 
281) 2372772075) =) 345935 1251 3 04-1 25 2255 19-4 — 80112 11-7 22 35-7 
29 23 2707-5 — 3 47 54 12:1 2 59-9 26) 2295445-7) = 3105 21. 11-8 422 3-2 
30 23 26 53-4 — 35021 12-1 2 55-8 27 2254 12:7 — 809 26 11-8 22 26.7 
SE) 23526738:35 — 3152954 1251 2 51-6 28), 22553740'5) —. SUIS 25. ils -22722-3 
Aug. 94232622715 —) 3i55i34 1271 2 47-4 29 2253 09:0 — 81718 11-8 22 17-9 
2 23 26 04-8 — 358 22 12-1 2 43-2 30 22 52 38:2 — 82106 11-9 22 13.4 
3 23 25 46-5 — 401 16 12-0 2 38-9 Oct. 1 22 5208-4 — 8 2448 11-9 22 09-0 
4 23 25 27:2 — 40417 12-0 DD Byala 2 2251 39-3 — 82824 11-9 22 04-6 
5§ 23 25 06:9 — 407 25 12-0 2 30-4 82251 elie = Ses 58) 11F9) 227002 
6 23 2445-5 — 41039 12-0 2 26-1 4 2250 43-8 — 83517 11-9 21 55-9 
7 23 2423-2 — 41400 12-0 2 21-8 5 2250 17:4 — 8 38 34 12-0 21 51:5 
8 23 23 59:9 — 41727 11-9 DAES 6 22 4951-9 — 84144 12:0 21 47-2 
9 23 23 35:6 — 42101 11-9 2eIs=l 7 2249 27-4 — 8 4449 12-0 21 42.9 
10 23 23 10-4 — 42441 11-9 2 08-8 8 22 49 03:8 — 8 47 46 12:0 21 38-6 
11 23 22 44.3 — 428 26 11-9 2 04-4 9 2248 41-2 — 85037 12-1 21 34.3 
12 23 2217-2 — 43218 11-9 2 00-0 10 22 48 19-6 — 85320 12-1 21 30-0 
13. 23 21 49-3 — 43615 11-9 1 55-6 11 22 47 59:0 — 85557 12-1 21 25-8 
14 23 21 205 — 44018 11-8 1 51-2 12 22 47 39-4 — 85827 12-1 21 21-5 
15 23 20 50:8 — 4 44 26 11-8 1 46-8 13. 22 47 20:9 — 90050 12-1 21 17:3 
16 23 20 20-3 — 448 40 11-8 1 42.3 14 22 470355 — 903 06 12-2 21 13-1 
17 23 19 49-1 — 45258 11-8 1 37-9 15 22 46 47-1 — 905 14 12-2 21 08-9 
18 2319 17:0 — 45721 11-8 1 33-4 16 22 46 31-8 — 90716 12-2 21 04-8 
19 23 18 44-3 — 50149 11-7 1 28-9 17 22 4617-4 — 90910 12-2 21 00-6 
20 2318 10-8 — 50621 11-7 1 24-4 18 22 4604.4 — 91056 12:2 20 56:5 
21 23 17 366 — 51057 11-7 1 19-9 19 22 45 52-55 — 91235 12:3 20 52-4 
22 2507S e —eSelS 37 islk7 1 15-4 20 22 45 41:6 — 91407 12:3 20 48-3 
23 23 16 26-4 — 52021 11-6 1 10-9 21 22 45 31-8 — 91531 12:3 20 44.2 
24 23 1550-4 — 52507 11-6 1 06-4 22 22 45 23-2 — 91648 12:3 20 40-2 
25 23 15 13:8 — 5 2957 11:6 1 01-8 23" 22, 45e15:8) — 9M7S8 123 20°36] 
26 23 14 36:8 — 5 3450 11-6 0 57:3 24 22 4509-4 — 91900 12:4 20 32:1 
27. -23: 13 59-3 — 5 39 46 11-5 0 52-7 25 2245 04:2 — 91954 12:4 20 28-1 
28 23 1321-4 — 5 44 43 11-5 0 48-2 26 22 4500-2 — 92042 12:4 20 24-1 
29 23 12 43:0 — 5 49 43 11-5 0 43:6 27 (22 44 57-3 — 92121 12:4 20 20-2 
30 23 12043 — 55444 11-5 0 39-0 28 22 445555 — 92154 12-4 20 16-2 
31 2311 25:3 — 55947 11-4 0 34-4 Oct. 29 22 4454-8 — 92219 12:5 20 12:3 
Sept. 1 23 10 46:0 — 60451 11-4 0 29-9 30 22 44 55-3 — 9 22 36 12:5 20 08-4 
2 2310065 — 609 57 11-4 0 25-3 31 22 44 56:9 — 92247 12:5 20 04-5 
3 2309 26:8 — 61502 11-4 0 20-7 Nov. 1 22 44 59:7 — 92250 12-5 20 00-7 
4 23 08 46:9 — 62009 11-3 0 16-1 2M 22 A5003'S) 922046" 12:5 19956-8 
5 2308 06:8 — 62515 11:3 0 11-5 SIP 22 AS V08oe — 9I22885" 1255 19)53+0 
6 23 07 26:7 — 63021 11-3 0 06-9 4 2245 145 — 92217 12:6 19 49.2 
Sept. 7 2306 465 — 635 27 11-2 0 02:3 Nov. 5 22 45 21:7 — 92152 12-6 19 45.4 


Second transit for Cybele 2009 September 74 23" 5777 


G14 DAVIDA, 2009 
GEOCENTRIC POSITIONS FOR 0° TERRESTRIAL TIME 


D Astrometric Vis. Ephem- Astrometric Vis. — 
ate Mag eris- Date Mag 
R.A. Dec. Transit R.A. Dec. Transit 
hm ss ©, Ee Wd. h m hi on, @s Oo a Ii h m 
2008 Dec. 13. 10 12 25-5 +1851 56 11-0 444.2 2009Feb. 10 9 58 28-9 +27 2200 10-1 0 37-9 
14 10 1253-9 +18 5655 11-0 4 40-7 10 957 -41-1- +27:30°52% 10:1 0 33-2 
15 10 13 20-9 +19 02 04 11-0 4 37-2 12 9 5653-0 +27 39 31 10-1 Q 28-4 
16 10 13 46-4 +19 07 24 11-0 4 33-7 13. 9 56 04:7 +2748 02 10-2 0 23-7 
17 1014 10-6 +19 12 54 11-0 4 30-1 14 955 16-3 +27 56 23 10-2 0 19-0 
18 10 14 33:3 +19 18 36 10-9 4 26:6 15 9 54 27-8 +28 04 32 10-2 0 14.2 
19 10 1454-5 +19 24 28 10-9 4 23-0 16 9 53 39-4 +28 12 31 10-2 0 09-5 
20 1015 14-2 +19 30 30 10-9 4 19-4 17 95251-1 +28 2018 10.2 0 04-8 
21 1015 32:5 +19 36 44 10-9 4 15-7 18 952 02-8 +28 27 53 10-2 0 00-0 
22 1015 49-2 +19 43 08 10-9 4 12-1 19 951 14-8 +28 35 16 10-2 23 50-6 
23 10 1604-4 +19 49 43 10.9 4 08-4 20 950 27-1 +28 42 26 10-3 23 45-9 
24 10 16 18-1 +19 56 29 10-8 4 04-7 21 9 49 39-7 +28 49 24 10-3 23 41-2 
25 10 16 30-2 +2003 25 10-8 4 00-9 22 9 48 52:7 +28 5609 10:3 23 36-5 
26 10 1640-7 +20 1031 10-8 BP 572 23 948 06-2 +2902 40 10:3 23 31-8 
27 +10 16 49-7 +20 17 48 10-8 3 53-4 24 947 20-3 +2908 59 10-3 23 27-1 
28 10 1657-1 +2025 15 10-8 3 49-5 25 9 46 34:9 +2915 03 10-4 23 22-4 
29 1017 03:0 +20 32 52 10-8 3 45-7 26 69 45 50-2 +29 2054 10-4 23 17-8 
30 10 1707-2 +20 40 39 10-7 3 41-8 27 =©9 45 06-2 +29 2630 10-4 23 13-1 
31 1017 09-8 +20 48 36 10-7 3 37-9 28 9 44 23:0 +29 3153 10-4 23 08-5 
2009 Jan. 1 1017 10-9 +20 56 42 10-7 3 34-0 Mar. 1 9 43 40-7 +29 3702 10-4 23 03-9 
2 1017 10-3 +21 0457 10-7 3 30-1 2 9 4259-2 +29 4156 10:5 22 59.3 
3 1017 08-2 +21 13 22 10-7 3 26-1 3 942 18-7 +29 46 36 10-5 22 54-7 
4 1017 04-4 +21 2155 10-7 3922-1 4 941 39:2 +295102 10:5 22 50-1 
5 10 1659-1 +21 30 37 10-6 3 18-0 § 94100-7 +2955 14 10:5 22 45-6 
6 1016 52:2 +21 39 27 10-6 3 14-0 6 940 23-3 +295911 10:5 22 41-1 
7 10 16 43-6 +21 48 25 10-6 3 09-9 7 9 39 47:0 +3002 54 10-6 22 36-6 
8 10 16 33-6 +21 57 31 10-6 3 05:8 8 939 11-9 +3006 24 10-6 22 32-1 
9 10 16 21-9 +22 06 44 10-6 3 01-7 9 9 38 38:0 +3009 39 10-6 22 27-6 
10 10 1608-7 +22 1604 10-6 2 575 10 9 38 05-3 +301241 10-6 22 23-2 
11 10 15 53-9 +22 25 31 10-5 Qe58:5 11 9 37 33-9 +30 15 28 10-7 22 18-7 
12 10 15 37-6 +22 35 04 10-5 2 49-1 12 9 37 03:7 +30 1802 10:7 22 14-3 
13. 10 15 19-7 +22 44 43 10-5 2 44.9 13. 9 36 34:9 +30 20 23 10:7 22 09-9 
14 1015 00-3 +422 54 28 i0-5 2 40-6 14 9 3607-4 +30 22 30 10:7 22 05-6 
15 10 14 39-4 +23 0417 10-5 2 36:3 15 9 35 41-3 +30 24 24 10:7 2201-2 
16 10 1417-1 +23 1412 10-4 2 32-0 16 935 16-6 +30 2605 10-8 21 56-9 
17 10 13 53-2 +23 2411 10-4 Qed 17 +9 34 53-3 +30 27 33 10-8 21 52-6 
18 10 13 27-9 +23 34 13 10-4 DPB 18 9 34 31-5 +3028 48 10-8 21 48.4 
19 1013 01-1 +23 4419 10-4 2 18-9 19 9 34 11-1 +30 2951 10-8 21 44-1 
20 10 12 33:0 +23 54 28 10-4 2 14-5 20 9 33 52-1 +30 3041 10-8 21 39-9 
21 1012 03:5 +24 04 39 10-4 2 10-1 21 9 33 34-7 +30 3119 10:9 21 35-7 
22 1011 32-6 +24 1452 10.3 2 05-6 22 9 33 18:7 +3031 44 10:9 21 31-6 
23 10 11 00-4 +24 25 07 i0-3 2 01-2 23 «9 33 04-2 +30 3158 10:9 21 27-4 
24 1010 26:9 +24 35 21 10-3 1 56-7 24 +9 32 51-3 +303200 10-9 21 23.3 
25 1009 52:2 +24 45 36 10.3 1 52-2 25 9 32 39-9 +30 3150 11:0 21 19-2 
26 1009 16-3 +2455 51 10-3 1 47-6 26 932 30:0 +30.31-29 117-0 21 15-1 
27 10 08 39-3 +25 06 04 10-3 1 43-1 27) 4 =©9' 3221-7 -+30:30'56' 11:0 21) 11-1 
28 1008 O1-1 +25 16 16 10-2 1 38-5 28 9 32 14-8 +30 3013 11:0 21 07-1 
29 1007 21-9 +25 26 26 10-2 1 33-9 29 9 3209-6 +3029 19 11:0 21 03-1 
30 1006 41-7 +25 36 33 10-2 1 29.3 30 =©9 32 05-9 +30 28 14 11-1 2059-1 
31 1006 00-6 +25 46 36 10-2 1 24.7 Mar. 31 9 32 03-7 +30 2659 11-1 2055-2 
Feb. 1 1005 18:5 +25 56 35 10-2 1 20-1 Apr. 1 9 32 03:0 +30 25 34 11-1 2051-3 
2 10 04 35-6 +26 06 30 10-2 1 15-4 2 9 32 03-9 +30 23 59 11-1 20 47.4 
3 1003 51-9 +26 16 20 10-2 1 10-8 3 9 32 06:3 +3022 14 11-1 20 43-5 
4 1003 07-4 +26 26 04 10-2 1 06-1 4 932 10-1 +3020 19 11-2 20 39.7 
5 1002 22:3 +26 35 42 10-2 1 01-4 5 932155 +3018 16 11-2 20 35-9 
6 1001 36-6 +26 45 13 10-1 0 56:7 6 9 32 22-4 +301603 11:2 20 32-1 
7 1000 50-4 +26 54 37 10-1 0 52-0 TA 9328307. -SOnSE405 12> ~ 20) 28-3 
8 1000 03-6 +27 03 53 10:1 0 47:3 8 9 3240-5 +301111 11-2 2024-6 
9 959 165 +27 1301 10-1 0 42-6 9 9532:51-7 930/08: 320 11122 20°20°8 
Feb. 10 9 58 28:9 +27 2200 10-1 0 37-9 Apr. 10 9 33 04-4 +3005 44 11:3 2017-1 


Second transit for Davida 2009 February 184 23> 55™3 


Date 


2009 Jan. 


Feb. 


INTERAMNIA, 2009 


GEOCENTRIC POSITIONS FOR 0° TERRESTRIAL TIME 


Astrometric 
R.A. Dec. 

hom Ss Ce dpe wid 
10 55 37-8 —10 52 20 
10 55 33-8 —10 58 57 
10 55 28-6 —11 05 27 
10 55 22:2 —11 11 50 
10 55 14-5 —11 18 06 
OVS S05 =e 4 lio 
10 54 55-7 —11 30 16 
10 54 44-4 —11 36 10 
10 54 32:0 —11 41 57 
10 54 18-3. —11 47 35 
10 54 03:5 —11 53 06 
10 53 47-4 —11 58 28 
10 53 30-1 —12 03 42 
10 53 11:7 —12 08 48 
10 52 52-0 —12 13 45 
10 52 31-2 —12 18 33 
10 52 09-2 —12 23 12 
10 51 45-9 —12 27 42 
10 51 21-6 —12 32 02 
10 50 56:0 —12 36 13 
10 50 29-4 —12 40 15 
10 50 01:6 —12 44 06 
10 49 32:6 —12 47 47 
10 49 02:6 —12 51 18 
10 48 31-5 —12 54 39 
10 47 59-3. —12 57 50 
10 47 26-1 —13 00 50 
10 46 51-9 —13 03 39 
10 46 16-7 —13 06 18 
10 45 40-5 —13 08 45 
10 45 03-4 —13 11 02 
10 44 25-3 —13 13 08 
10 43 46-4 —13 15 02 
10 43 06-6 —13 16 46 
10 42 26:0 —13 18 18 
10 41 44-6 —13 19 39 
10 41 02-4 —13 20 49 
10 40 19-5 —13 21 47 
10 39 35-9 —13 22 34 
10 38 51-7 —13 23 10 
10 38 06-8 —13 23 34 
10 37 21-3 —13 23 47 
10 36 35-3 —13 23 49 
10 35 48-8 —13 23 39 
10 35 01-8 —13 23 18 
10 34 14-3 —13 22 46 
10 33 26-5 —13 22 03 
10 32 38-3 —13 21 08 
10 31 49-8 —13 20 02 
10 31 O1-1 —13 18 46 
10 30 12-1 —13 17 18 
10 29 23:0 —13 15 40 
10 28 33-7 —13 13 51 
10 27 44-3 —13 11 52 
10 26 55:0 —13 09 43 
10 26 05-6 —13 07 23 
10 25 16-3 —13 04 54 
10 24°07-1" = 13202 15 
10 23 38-1 —12 59 27 
10 22 49-3 —12 56 29 


=n 


SCBHBIFHK=HR CORBMHI HUHGOKRHO NASER g 


QB PEYMAR COTHRN WDYKYER BUNCE HSE SNN LOYEER UNSED 
Q BWBONEI YNMOHOHW UHNHDSCA BHNNODH RUIONA DAIOSOH YHHHWW 


N 
WWO COCCO CCCCOO OOF Re BR Be Re Re RP RE RR RE RE NUN NNN NNNNN NNNWW WWWWW WWWWWwW WWHH LE 
DA HASNO BSYAINY DA=NS 


BND CORE NNY WWAAB NUNHNDOH 
eS Ee INCI oS No Ce 
VOW VSUWNY OCVANO AKHOYXK 


Date 


2009 Mar. 


Apr. 


Apr. 


Astrometric 
R.A. Dec: 
hem Ss ° P= 


10) 22549°3) —12,56,29 
10°22500:7- 1253723 
10 21 12-4 —12 50 08 
10 20 24-5 —12 46 45 


10 19 36-9 —12 43 14 
10 18 49-8 —12 39 35 
10 18 03-1 —12 35 49 
10 17 16-9 —12 31 55 
10 16 31-3. —12 2755 
10 15 46-3 —12 23 47 
10 15 01-8 —12 19 34 
10 14 18-1 —12 15 14 
10 13 35-0 —12 10 49 
10 12 52-6 —12 06 19 
10 12 11-0 —12 01 43 
10 11 30-2. —11 57 02 
10 10 50-2 —11 52 17 
10 10 11-0 —11 47 28 
10 09 32-7 —11 42 35 
10 08 55-4 —11 37 38 
10 08 19-0 —11 32 39 
10 07 43-5 —11 27 36 
10 07 09-0 —11 22 31 
10 06 35-6 —11 17 24 
10 06 03-2 —11 12 15 
10 05 31-8 —11 07 04 
10 05 01-6 —11 01 53 
10 04 32-4 —10 56 40 
10 04 04-4 —10 51 27 
10 03 37-5 —10 46 14 
10 03 11-7 —10 41 01 
10 02 47-1 —10 35 48 
10 02 23-7 —10 30 36 
10 02 01-5 —10 25 25 
10 01 40-4 —10 20 16 
10 01 20-6 —10 15 07 
10 01 01-9 —10 10 01 
10 00 44-5 —10 04 57 
10 00 28-2 — 95954 
10 00 13-2 — 95454 
9 59 59-4 — 9 4957 
9 59 46-8 — 9 45 03 
9 59 35-4 — 9 40 12 
9 59 25-2 — 935 24 
9 59 16-2 — 9 30 39 
959 08-4 — 9 2558 
9 5901-9 — 92121 
9 58 56.6 — 9 16 48 
9 58 52-4 — 9 1220 
9 58 49-5 — 907 55 
9 58 47-8 — 9 03 35 
9 58 47-2 — 8 59 20 
9 58 47.9 — 8 55 10 
9 58 49.7 — 85104 
9 58 52:7 — 8 4704 
9 58 56:9 — 8 43 09 
9 59 02-3 — 8 39 19 
9 59 08-8 — 8 35 35 
9 59 16-4 — 8 3157 
9 59 25-2 — 8 28 24 


Second transit for Interamnia 2009 February 264 23" 577 
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G16 PERIODIC COMETS, 2009 


Notes on comets 


The osculating elements for periodic comets returning to perihelion in 2009 have been 
supplied by B.G. Marsden, Smithsonian Astrophysical Observatory 


The following table of osculating elements is for use in the generation of ephemerides 
by numerical integration. Typically, an ephemeris may be computed from these unperturbed 
elements to provide positions accurate to one to two arcminutes within a year of the epoch 
(Osc. epoch). The innate inaccuracy in some of these elements can be more of a problem, 
particularly for those comets that have been observed for no more than a few months in the 
past (i.e. those without a number in front of the P/). It is important to note that elements 
for numbered comets may be prone to uncertainty due to non-gravitational forces that affect 
their orbits. In some case these forces have a degree of predictability. However, calculations 
of these non-gravitational effects can never be absolute and their effects in common with 
short-are uncertainties mainly affect the perihelion time T. 


Up-to-date elements of the comets currently observable may be found at 
http://cfa-www.harvard.edu/iau/Ephemerides/Comets/index.html. 


OSCULATING ELEMENTS FOR ECLIPTIC AND EQUINOX OF J2000-0 


Perihelion Perihelion Eccen- Period Arg. of Long. of Inclin- Osc. 
Name Time Distance tricity oe Perihelion | Asc. Node ation Epoch 
ili qd e P (O) 2 | i 
au years fe) fe) ° 

P/2002 CW 34 (LINEAR) Jan. 5-926 20 | 1-843 7749 | 0-488 7502 | 6-85 | 190-267 20 | 348-259 62 | 15-21393 | Jan. 9 
P/2003 K2 (Christensen) Jan. 8-858 52 | 0-533 9922 | 0-832 9172 | 5-71 | 345-92462 ; 93-847 11 | 10-22217 | Jan. 9 
68P/Klemola Jan. 20-979 24 | 1-759 0282 | 0-640 6282 | 10-83 | 153-979 08 | 175-329 89 | 11-14409 | Jan. 9 
P/2002 JN;6 (LINEAR) Jan. 25-096 37 | 1-783 6996 | 0-487 2955 | 6-49 | 39-698 81 | 230-033 64 | 11-418 66 | Jan. 9 
144P/Kushida Jan. 26-877 07 | 1-438 9655 | 0-627 8207 | 7-60 | 216-095 25 | 245-56477 | 4-109 20] Jan. 9 
P/2003 O3 (LINEAR) Jan. 30-012 08 | 1-246 7437 | 0-598 4555 | 5-47 0-690 70 | 341-489 60 | 8-365 57 | Feb. 18 
47P/Ashbrook-Jackson Jan. 31-974 72 | 2-799 0883 | 0-319 1900 | 8-34 | 357-686 45 | 356-982 67 | 13-052 74 | Feb. 18 
P/2001 X2 (Scotti) Feb. 7-129 29 | 2-526 9478 | 0-330 8668 | 7-34 | 255-556 00 | 194-577 09 | 2-18491 | Feb. 18 
14P/Wolf Feb. 27-252 08 | 2-724 1189 | 0-357 9549 | 8-74 | 158-988 56 | 202-119 32 | 27-943 38 | Feb. 18 
67P/Churyumov-Gerasimenko | Feb. 28-364 08 | 1-246 5180 | 0-640 1740 | 6-45 | 12:69957 | 50-197 44 | 7-040 90 | Feb. 18 
59P/Kearns-Kwee Mar. 7-653 88 | 2-355 5522 | 0-475 0710 | 9-51 | 127-532 31 | 313-036 72 | 9-340 94 | Feb. 18 
P/2002 QI (Van Ness) Mar. 20-952 09 | 1-551 1872 | 0-563 9210 | 6-71 | 185-019 62 | 173-996 08 | 36-280 07 | Mar. 30 
145P/Shoemaker-Levy Mar. 26-610 74 | 1-891 3462 | 0-542 1054} 8-39 | 10-13927 | 26-903 22 | 11-299 38 | Mar. 30 
P/1994 J3 (Shoemaker) Apr. 11-541 42 | 2-935 3228 | 0-508 1399 | 14-58 | 191-930 81 | 92-947 66 | 24-763 56 | Mar. 30 
P/2004 CB (LINEAR) Apr. 15-817 52 | 0-913 7061 | 0-688 9596 | 5-03 | 149-729 69 | 66-449 17 | 19-147 63 | Mar. 30 
137P/Shoemaker-Levy May 13-567 28 | 1-915 2830 | 0-574 5104 | 9-55 | 140-811 40 | 233-121 154 4-85367 | May 9 
22P/Kopff May 25-402 02 | 1-577 5873 | 0-544 3401 | 6-44 | 162-816 13 | 120-898 50 | 4-72389 | May 9 
143P/Kowal-Mrkos June 12-198 15 | 2-538 1994 | 0-409 8020 | 8-92 | 320-760 31 | 245.368 41 | 4-689 92 | June 18 
64P/Swift-Gehrels June 14.295 58 | 1-377 0103 | 0-689 5439 | 9-34 | 96-304 56 | 300-741 40 | 8-951 44 | June 18 
P/2003 Al (LINEAR) June 16-039 97 | 1-916 1280 | 0-499 9223 | 7-50 | 340-265 13 | 54-075-93 | 44-333 29 | June 18 
P/2003 H4 (LINEAR) June 22-413 31 | 1-701 4502 | 0-490 2861 | 6-10 | 10-603 84 | 226-743 74 | 18-151 79 | June 18 
77P/Longmore July 7-848 83 | 2.310 3272 | 0-358 1126 | 6-83 | 196-694 79 | 14-916 68 | 24-398 31 | June 18 
116P/Wild July 18-961 61 | 2-174 9217 | 0-374 5888 | 6-49 | 173-599 29 | 21-031 89] 3-612 80} July 28 
P/1999 XB6g (LINEAR) July 25-907 78 | 1-652 1233 | 0-630 7853 | 9-47 | 220-325 72 | 256-052 88 | 11-305 83 | July 28 
74P/Smirnova-Chernykh July 30-335 45 | 3-557 6682 | 0-147 5567 | 8-53 | 87-24305 | 77-10039 | 6-647 40 | July 28 
24P/Schaumasse Aug. 9-627 05 | 1-213 9316 | 0:703 6148 | 8-29 | 57-999 61 | 79-718 25 | 11-729 16 } July 28 
89P/Russell Aug. 17-162 98 | 2-279 9326 | 0-399 5064 | 7-40 | 249.324 20 | 42.384 91 | 12-031 46 | Sept. 6 
P/2002 T1 (LINEAR) Aug. 25-489 76 | 1-314 7487 | 0-639 2536 | 6-96 3-827 07 | 14-224 90 | 21-396 43 | Sept. 6 
P/2004 X1 (LINEAR) Sept. 3-328 92 | 0-780 2075 | 0-727 2896 | 4-84 | 345-445 13 7-115 32 | ©5-148 12 | Sept. 6 
P/2001 MD7 (LINEAR) Sept. 8-959 93 | 1-223 9805 | 0-689 6032 | 7-83 | 246-744 46 | 125-621 96 | 12-881 45 | Sept. 6 
88P/Howell Oct. 12-473 03 | 1-363 4829 | 0-562 0015 | 5-49 | 235-962 02 | 56-75653 | 4-381 61 | Oct. 16 
127P/Holt-Olmstead Oct. 21-370 97 | 2-195 7053 | 0-362 4025 | 6-39 6:540 10 | 13-684 57 | 14-321 49 | Oct. 16 
54P/de Vico-Swift-NEAT Nov. 28-432 59 | 2-172 0443 | 0-426 6756 | 7-37 1-913 42 | 358-853 09 | 6-068 39 | Nov. 25 
169P/NEAT Novy. 30-304 41 | 0-607 7495 | 0:766 7820 | 4-21 | 217-959 03 | 176-191 02 | 11-299 83 | Nov. 25 
100P/Hartley Dec. 6-147 30 | 1-982 4075 | 0-418 6342 | 6-30 | 181-707 87 | 37-844 80 | 25-654 21 | Nov. 25 
P/2004 K2 (McNaught) Dec. 15-515 42 | 1-548 6297 | 0-502 6931 | 5-50 | 180-757 98 | 150-118 12 | 8-132 72 | Dec. 35 
P/2005 JQs5 (Catalina) Dec. 28-849 68 | 0-823 0874 | 0-694 2348 | 4-42 | 222-74297 | 95.832 37 | 5-695 37 | Dec. 35 


STARS AND STELLAR SYSTEMS, 2009 Hl 


CONTENTS OF SECTION H 


Bright Stasy, «5 MRM pI ee De ANREIRS &.) 2 ccs: 8 BOR Bets, ee AE cc Ek Wy, H2 
Doubles tats <4. Mat. ¢ ee a Ae, oe Se ed 8 Wwy, H32 
Photometric Standards 

CBI ES An and tala tee fee eee sl ota cana aie eet Moran ee Wwy, H34 

EV DV SAINI SEA re FARTCLAL Gs SHANG cl M sc reese svt eich tas ee ls siemens ecco Ue drten ee asae Scan H41 
Racial Velseitye Stara ar ds Spans ee ont Belncsnc hte cre oten ite eet meee ee ee eee cas Soloist H48 
VATA DLS SSCS rate tele cA ete Acted meee Peace eat ccna ach Cones ranch ot eet eae eh ie he aoe HS50 
daright Galaxies. gases. Ades tree sth 2o Ree B css ha sgnst Rast RA RN AME Ua ikem Niacadesesanen HS54 
Open ‘Clusters ie... een S eet 524s. hE ORE Rh eae acca H59 
<SIODUIAL GUNS Teter ace eens doch Bas docs es sevice ett meee cc Se eee ele soto tun eae H66 
Radio Sources 

ICRF ARAadiG ‘SOUrCEMPOSTAOiisk ELS... Re SRL ee, Mis BI Bessie H69 

RadiosPluxCalrbigarOtse sent eee hee tear here ete teed, ABs cpsccttesusteonentats H74 
EXSRAY SSOULCES Tete ee Tee er er caine Rant ee Rote a ee tnrtecetuse Www, H75 
Quasars’... Be. 7: RRM. of Becket. heels Bosak. cae eee te Ree AL cE I IE, hes casesae ia WG 
PUILSAIS Rt tae eee esau ot CRC ea cea oso Anette eee eR cee aad renee cae aie seiseas H79 
aiid Rave OUNCES sear. cate ree ME, cashed carretera cae era Www, H81 


Except for the tables of ICRF radio sources, radio flux calibrators, and pulsars, positions 
tabulated in Section H are referred to the mean equator and equinox of J2009.5 = 2009 July 
2.375 = JD 245 5014.875. The positions of the ICRF radio sources provide a practical realization 
of the ICRS. The positions of radio flux calibrators and pulsars are referred to the equator and 
equinox of J2000.0 = JD 245 1545.0. 

When present, notes associated with a table are found on the table’s last page. 


This symbol indicates that these data or auxiliary material 
Www may also be found on The Astronomical Almanac Online 
at http://asa.usno.navy.mil and http://asa.hmnao.com 


BRIGHT STARS, J2009.5 


Declination | Notes 


H2 
Flamsteed/Bayer | BS=HR Right 
Designation No. Ascension 

h m s Ce fh watz 
G Ane 9076 | 00 00 24.2 | —65 31 28 
@ Oct 9084 | 00 02 04.3 | —77 00 48 
30 YO" ARSE 9089 | 00 02 26.8 | —05 57 41 
2 Cet 9098 | 00 04 13.6} —17 1659 
33 BC ESC 3 | 0005 49.3 | —05 39 16 
21 a And 15 | 00 08 52.8 | +29 08 34 
11 B Cas 21 | 0009 41.4} +59 12 08 
e Phe 25. | 00 09 53.4 | —45 41 42 
22 And 27 | 00 10 49.1 | +46 07 30 
K- scl 34 | 00 12 03.3 | —27 44 49 
6) Sel 35 | 00 12 12.9 | —35 04 48 
88 y Peg 39 | 00 13 43.6| +15 14 11 
89 Vanes 45 | 00 15 05.7 | +20 15 34 
y AES Cet 48 | 00 1507.3] —18 52 49 
25 o And 68 | 00 18 49.6 | +36 50 16 
8 ie Cet 74 | 00 19 54.7 | —08 46 17 
Gamluc 77 | 0020 33.6 | —64 49 09 
4] Psc 80 | 00 21 05.2 | +08 14 35 
DT p And 82 | 00 21 37.5 | +38 01 16 
R And 90 | 00 24 32.2 | +38 37 46 
B Hyi 98 | 00 26 14.3 | —77 12 03 
k Phe 100 | 00 26 40.1 | —43 37 38 
a Phe 99 | 00 26 45.1 | —42 15 16 
118 | 003051.1 | —23 44 07 
A! Phe 125 | 00 31 52.3 | —48 45 04 
B' Tuc 126 | 00 31 58.6 | —62 54 22 
15 k Cas 130 | 00 33 32.8 | +62 59 03 
29 z And 154 | 00 37 23.4 | +33 46 17 
17 ¢ Cas 153 |:00137 30'3' | =253°9657, 
157 | 00 37 51.9 | +35 27 06 
30 e And 163 | 00 39 03.6 | +29 21 48 
31 5 And 165 | 00 39 50.3 | +30 54 46 
18 a Cas 168 | 00 41 03.1 | +56 35 21 
eeche 180 | 00 41 46.4 | —46 01 59 
n Phe 191 | 00 43 46.7 | —57 24 40 
16 BaxCet 188 | 00 44 04.0} —17 56 05 
22 o Cas 193 | 00 45 15.5 | +48 20 10 
34 ¢ And 215 | 00 47 50.6 | +24 19 07 
A Hyi 236 | 00 48 55.0 | —74 52 19 
63 5 Psc 224 | 0049 10.6 | +07 38 12 
64 Psc 225. | 00 49 28.7 | +16 59 30 
24 neC@as 219 | 0049 41.1} +57 51 55 
35) v And 226 | 0050 20.5 | +41 07 50 
19 ¢* Cet 235 | 0050 36.1 | —10 35 36 
233 | 0051 18.7 | +64 17 57 
20 Cet 248 | 00 53 29.7 | —01 05 34 
2 Tuc 270 | 0055 21.4 | —69 28 33 
37 bm And 269 | 0057 17.0 | +38 33 03 
eM | y Cas 264 | 0057 17.4 | +60 46 05 
38 n And 271 | 00 57 42.9 | +23 28 08 


svd6 


svd6 


svd 


d6 


Spectral Type 


B9 IV 
K2 Il 
M3 III 
BOIV 
KO I-IV 


B9p Hg Mn 
F2 Il 

KO I 

FO II 

K5 Il 


F3/5 V 
B2 IV 
M2? Ill 
M1 Ul 
A2 Va 


K1 IIIb 

F9V 

K3" Ill Ca 1 CN 0.5 
F6 IV 

$5/4.5e 


G1IV 
A5 Vn 
KO IIIb 
A5 Vn 
Al Va 


B9V 
BO.7 Ia 
B5 V 

B2 IV 
G2 Ib-II 


Go lll Fe—3'CH 1 
K3 Hl 

KO" Illa 

G8 Il 

AO.5 IV 


G9 III CH—1 CN 0.5 Ca 1 
BS Il 

KO Il 

KS Il 

K4.5 IIb 


RV 
F9V 
BS V 
F8 V 
GO II—IV + B9.5 V 


MO- Illa 

K2 II 

AS IV—V 

BO IVnpe (shel!) 
G8 IIIb 


BRIGHT STARS, J2009.5 


H3 


Flamsteed/Bayer | BS=HR Ri nt | ae: 
Desi Bagutes No. Aeettaach De Tee HO EROS Mi aT 
h m Ss eS WV Ve 

68 Psc 274 | 0058 21.1 | +29 02 36 5.42 +1.08 
a Scl 280 | 0059 03.8 | —29 18 23 | s6 4.31 | —0.56| —0.16 
oO BSc 293 | 01 02 53.6 | —31 30 04 5.50 | +0.13 | +0.08 
71 @ ike 294 | 01 03 26.2 | +07 56 28 4.28 | +0.70 | +0.96 
B Phe 322 | 01 06 30.4 | —46 40 04 | d7 3.31} +0.57 | +0.89 
t Tuc 332 | 0107 41.1 | —61 43 29 5.37 +0.88 
uv Phe 331 | 0108 13.8} —41 2611 |d 5.21] +0.09 | +0.16 
¢ Phe 338 | 01 08 46.9 | —55 11 43 | vd6é 3.92} —0.41 | —0.08 
30 fu Cas 321 | 01 08 54.7 | +5458 00 | d6 5.17} +0.09 | +0.69 
Bil m) "Get 334 | 0109 04.1 | —100756 | d 3.45 | +1.19] +1.16 
42 o@ And 335 | O1 10 03.5 | +47 17 32 | d7 4.25 | —0.34 | —0.07 
285 | 01 10 13.2 | +86 18 27 4.25 | +1.33 | +1.21 
43 B And 337 | 01 10 16.0} +35 40 15 | ad 2.06 | +1.96} +1.58 
33 @ Cas 343 | 01 11 41.2} +55 1201 | d6 4.33 | +0.12 | +0.17 
84 3 BRE 351 | 01 11 58.0} +21 05 06 4.66 | +0.82 | +1.03 
83 TARESC 352 | 01 1211.2} +3008 23 | 6 4.51} +1.01 | +1.09 
86 fe 1BSe 361 | Ol 14 13.7} +07 3731 | d67 5.24] +0.09 | +0.32 
89 Psc 378 | 01 18 17.4} +03 3951 |6 5.16} +0.08 | +0.07 
90 v_ Psc 383 | 01 1959.5 | +2718 49 |6 4.76 | +0.10} +0.03 
34 o@ Cas 382 | 01 2041.2] +58 1653 | sd6 4.98 | +0.49 | +0.68 
46 —€ And 390 | 01 2254.2} +45 3442 |6 4.88 | +0.99 | +1.08 
45 O Get 402 | 01 2429.9} —08 08 04 | d 3.60 | +0.93 | +1.06 
3a 5 Cas 403 | 01 26 26.7 | +6017 04 | sd6 2.68 | +0.12) +0.13 
36 w Cas 399 | O01 2637.0} +68 1045 | d 4.74} +0.94 | +1.05 
94 Psc 414 |0127 12.6] +19 17 22 5.50} +1.05} +1.11 
48 w And 417 | O01 28 13.7] +45 27 20 | d 4.83} 0.00} +0.42 
y Phe 429 | 01 28 46.6| —43 1611 | v6 3.41 | +1.85 | +1.57 
48 Cet 433 | 01 3003.5 | —21 3450 | d7 5.12} +0.04} +0.02 
5 Phe 440 | 01 31 38.8 | —49 01 25 3.95 | +0.70 | +0.99 
99 TemEsC 437 | 01 3159.6) +15 23 40 |d 3.62 | +0.75 | +0.97 
50 v And 458 | 01 37 21.5| +41 2710 | d6 4.09 | +0.06 | +0.54 
a Eri 472 | 01 3804.0 | —57 11 19 0.46 | —0.66 | —0.16 
51 And 464 | 01 38 34.8 | +48 40 34 3.57} +1.45 | +1.28 
40 Cas 456 | 01 3917.5] +7305 17 |d 5.28 | +0.72 | +0.96 
106 v Psc 489 | 01 41 55.6] +05 32 07 4.44 | +1.57| +1.36 
TSC! 497 | 01 42 34.3 | —32 16 46 5.25 | +0.79 | +1.05 
500 | 01 43 12.4 | —03 38 34 4.99 | +1.58 | +1.38 
p Per 496 | 01 44 15.7) +5044 10 | 6 4.07 | —0.93 | —0.04 
52 7 1Cet 509 | 01 4430.6} —15 5316 | d 3.50} +0.21 | +0.72 
110 OMPSC 510 | 0145 53.8} +09 1219 |s 4.26 | +0.71 | +0.96 
e Sel 514 | 01 4605.4} —25 0020 | d7 5.31] +0.02} +0.39 
513 | 01 46 27.9| —05 4110 |s 5.34 | +1.88 | +1.52 
SS re (Ci 531 | 015003.1 | —10 38 23 | d 4.67 | +0.03 | +0.33 
55 ce eet 539 |0151 55.8} —1017 18 | d6 3.73 | +1.07} +1.14 
2 a Tri 544 | 01 53 37.6 | +29 37 29 | dv6 3.41 | +0.06 | +0.49 
w Phe 555 |015401.5 | —46 15 23 | 6 4.41 | +1.70| +1.59 
igh — Psc 549 | 015402.9}| +03 1403 | 6 4.62 | +0.72| +0.94 
go Phe 558 | 01 5445.6] —42 2702 | 6 5.11} —0.15 | —0.06 
45 € Cas 542 | 0155 05.3 | +63 42 59 3.38 | —0.60 | —0.15 
6 B Ari 553. | 0155 10.0] +2051 15 | d6 2.64} +0.10} +0.13 


Spectral Type 


gG6 
B4 Vp 
A2V 
G9 Ill Fe—2 
G8 II 


GS Ill 

A3 IV/V 

B7 V 

G5 Vb 

K2 II CN 0.5 


B7 Il 
K2 Ill 
MOt IIIa 
A7m 
G8.5 IIT 


KO.5 UIb 
FO Vn 
A3V 
A2 IV 
FO Ia 


KO" IIIb 

KO Iflb 

AS IV 

KO Ill CN 0.5 
eKl 


FS V 
MO- Ila 
Al Va 
G9 Til 
G7 Ula 


F8 V 

B3 Vnp (shell) 
Ken il 

G7 Ul 

K3 IIIb 


K1 WU 
K3 H—wl 
B2 Vep 
G8 V 

G8 Ill 


FO V 

K4 Il 
F21V—V 
KO Ul 

F6 IV 


Mé4 Ill 

G9 IIIb Fe—0.5 
Ap Hg 

B3 IV:p (shell) 
A4 V 


BRIGHT STARS, J2009.5 


H4 

Flamsteed/Bayer | BS=HR Right 

Designation Ascension 
h m s 

n> Hyi 570 |; 0155 10.6 
x En 566 | 01 56 19.6 
a Hyi 591 | 0159 04.1 
59 wy (Cet 585 | 02 00 27.2 
ig) a Psce 596 | 02 02 32.4 
4 Per 590 | 02 02 56.4 
50 Cas 580 | 02 04 15.9 
S/ y! And 603 | 02 04 29.2 
v For 612 | 0204 55.0 
13 a Ari 617 | 02 07 42.7 
4 Sieelitt 622 | 02 1006.7 
fe For 652° | 02 13 1916 
65 —! Cet 649 | 02 13 30.3 
645 | 02 14 14.6 
641 | 02 14 22.3 
od Eri 674 | 02 1650.9 
67 Cet 666 | 02 17 27.5 
9 ie hi! 664 | 02 1752.9 
68 @ (CEI 681 | 02 19 49.6 
62 And 670 | 02 19 53.8 
56 Hyi TOSE OD DIESS2 
k Hyi 115° | 02:22:56.1 
«x For 695 | 02 22 58.6 
2 Hor 714 | 0225 09.9 
72 p Cet 708 | 02 26 24.6 
K Eri 721 | 0227 20.0 
73 &? Cet 718 | 02 28 39.9 
12 Tri 717 =| 02: 28:43:5 
t Cas 707 =| 02 2951.6 
bm Hyi 776 | 0231 29.8 
76 o (Get 740 | 02 32 32.3 
14 Tri 736 | 02 3241.1 
78 pe Get 754 | 02 36 22.5 
753 | 02 36 36.2 
743 | 02 3857.4 
32, v Ari TIBY \O2S9:2ik5 
e Hyi 806 | 02 39 44.3 
82 ao (Ce 779 | 02 39 58.2 
¢ Hor 802 | 02 40 57.4 
t Eri 794 |0241 02.5 
1 a UMi 424 | 02 43 05.2 
86 vy Cet 804 | 02 43 47.6 
35 Ari 801 | 02 44 00.7 
89 au Cet 811 | 02 44 34.5 
14 Per 800 | 02 44 42.5 
13 Cube 799 | 02 4451.2 
87 fu Cet 813 | 02 45 27.4 
| ct Eri 818 | 0245 32.8 
B For 841 | 02 49 29.3 
41 Ari 838 | 02 50 32.7 


Declination 


hn} 


—67 36 03 
—51 33 43 
61131826 
=O NOIS6 
+02 48 33 


+54 31 59 
+72 28 00 
+42 22 30 
=29'15'06 
+23 30 25 


+35 01 55 
—30 40 47 
+08 53 27 
+51 06 34 
+58 36 17 


—51 28 06 
—06 22 43 
+33 53/26 
—02 56 06 
+47 25 24 


—68 36 59 
—73 36 10 
—23 46 24 
—60 16 11 
—12' 14:53 


—47 39 41 
+08 30 08 
+29 42 41 
+67 26 41 
—79 04 04 


la 122 
+36 11 20 
+05 38 03 
+06 55 54 
tel eles 2 


+22 00 07 
=68's'35 
+00 22 09 
—54 30 34 
—39 48 54 


+89 18 18 
+03 16 31 
+27 44 49 
—13 49 08 
+44 20 13 


+49 16 05 
+10 09 14 
—18 3158 
= 322159 
a eat May) 


d7 


vd 


2 
UB BV, 


Spectral Type 


+0.64 
+0.46 
+0.14 
+1.91 
—0.05 


=(0'32 
+0.03 
+1.58 
—0.51 
+ 1.12 


+0.10 
—0.06 
+0.60 
+0.62 
+0.23 


=059 
+0.76 
+0.02 
+1.09 

0.00 


+0.05 
+1.04 
+0.12 
+0.06 
—0.07 


—0.50 
=012 
+0.10 
+0.06 
+0.73 


—0.02 
+1.78 
+0.56 
+0.81 
+0.58 


+0.16 
—0.14 
—0.87 
—0.01 
+0.74 


+0.38 
+0.07 
—0.62 
—0.45 
+0.65 


0.00 
+0.08 
0.00 
+0.69 
=Oi37 


+0.95 
+0.85 
+0.28 
ple 7 
+0.03 


—0.08 
—0.01 
+ 1.37 
=0:17 
tpl 


+0.14 
—0.02 
+0.89 
+0.93 
+0.60 


0.12 
+0.96 
+0.02 
+1.42 
—0.01 


+0.03 
+1.09 
+0.60 
+0.39 
—0.03 


—0.14 
—0.06 
+0.30 
0.12 
+0.98 


-+0.45 
+1.47 
+0.87 
+0.98 
+0.88 


+0.16 
—0.06 
0:22 
+0.40 
= 1K02 


+0.60 
+0.09 
=(.13 
—0.14 
+0.90 


+0.49 
+0.31 
+0.48 
+0.99 
—0.10 


G8.5 III 
G8 II-IV CN—0.5 Hd 0.5 
FOn I-IV 

MO IIIb 

AOp Si Sr 


B8 II 
Al Va 
K3- IIb 
B9.5p Si 
K2 Ilab 


AS IV 

AO Vatnn 

G7 I-III Fe—1 

G8 Il CN 1 CH 0.5 Fe—1 
A3 Tab 


B8 V 

G8.5 Il 

AO TV—Vn 
MS5.5—9e III + pec 
ALV 


Al Va 

K1 Il 

GO Va 
B2V—V 
AO I—IVn 


BSIV 
AO III- 
FO II 
ASp Sr 
G8 Il 


F4 IV 

KS Il 

G8 Ill 

KSeV 

G8 Ill 

A7V 

BO V 

B2 IV 

F41V 

KO.5 Ilb Fe—0.5 


F5—8 Ib 
A2 Va 

B3 V 

B7 V 

GO Ib Ca 1 


F7V 

FOm F2 Vt 

F5 V 

G8.5 Ill Fe—0.5 
B8 Vn 


BRIGHT STARS, J2009.5 


Flamsteed/Bayer | BS=HR| _ Right Dectinan 
Designation Na. A dcensient eclination pees V U-B | B-V Spectral Type 
by amis 4s o of wt 
16 Per 840 | 0251 11.2| +3821 26 |d 4.23 | +0.08 | +0.34) Fl Vt 
15 if) Seder 834 | 0251 23.8) +55 5603 | d6 3.76 | +1.89 | +1.68} K3~ Ib—Ia 
2 t? Eri 850 | 0251 28.2} —205755 |d 4.75 | +0.63| +0.91] KO II 
43 o Ari 847 | 02 5201.2) +15 07 15 5.49 | —0.43 | —0.09} B7V 
R_ Hor 868 | 0254 11.7} —495104 |v 5—14 | +0.43 | +2.11 | gM6.5e: 
18 G ‘Per 854 | 02 5456.2 | +52 48 03 | cd6 3.95 | +0.46 | +0.74| G5 I+ A4 V 
3 n Eri 874 | 02 56 53.5 | —08 51 39 3.89 | +1.00} +1.11] K1 IIb 
875 | 0257 06.0 | —03 40 28 | 6 5.17 | +0.05 | +0.08} A3 Vn 
6! Bri 897 | 0258 37.3 | —40 1601 | d6 3.24} +0.14} +0.14} ASIV 
24 Per 882 | 0259 39.2| +35 13 14 4.93) ae. 29) i123 | KN 
91 ws (OSt 896 | 03 00 13.5 | +08 56 41 4.70 | —0.45| —0.12| Bé6 III 
6 Hyi 939 | 08102 LELOW S71 SSS || d7 5.53 | —0.51} —0.14| B9IVp 
92 an Cet 911 | 03 02 46.6) +04 07 35 2.53 | +1.94| +1.64} M1.5 Hla 
1] o En 919 | 03 02 48.6 | —23 35 16 4.09 | +0.08) +0.16) A4V 
fe Hor 934 | 03 03 50.3 | —59 42 04 5.11 | —0.03 | +0.34} FOTV—V 
23 y Per 915 | 03 05 29.4 | +53 3235 | cd6 2.93} +0.45| +0.70} G5 TI+ A2 V 
25 pe bey 921 | 03 05 47.3 | +38 52 35 3.39 | +1.79} +1.65} M4 II 
881 | 0307 26.5 | +79 2717 | d6 5.49 +1.57| M2 Ifab 
26 Bp Per 936 | 03 08 47.4) +40 59 30 | cvd6 2ZAD |—O:37 | —O105)| | BS V == F: 
Ue Ret 937 | 03 09 45.4] +49 3856 | d 4.05 | +0.12} +0.59| GOV 
27 kK Per 941 | 03 1008.4} +4453 35 | d6 3.80 | +0.83 | +0.98| KO III 
57 6 Ari 951 | 03 12 10.5 | +19 45 43 4.35 | +0.87) +1.03| KO II 
a For 963 | 03 12 28.8 | —28 5702 | d7 3.87 | +0.02 | +0.52| F6 V 
TW Hor Die | OBNZAT Ta 57 17 10. I's 5.74 | +2.83 | +2.28] C6:,2.5 Ba2 Y4 
94 Get 962 | 03 13 15.6} —01 09 40 | d7 5.06 | +0.12 |} +0.57} GOIV 
58 ¢ Ari 972 | 03 15 27.0 | +21 04 45 4.89 | —0.01 | —0.01] A0.5 Vat 
13 ¢ Eri 984 | 03 1617.8] —08 4706 | 6 4.80] +0.09 | +0.23} AS5m: 
29 Per 987 | 03 19 18.6} +50 15 23 | s6 5.15 | —0.06} —0.05| B3V 
96 ke Ceb 996 | 03 1951.7} +03 24 16 | dasv 4.83] +0.19] +0.68} G5 V 
16 Tet 1003 | 03 1956.4] —21 4325 |d 3.69 | +1.81} +1.62] M3t Ila Ca—1 
1008 | 03 20 18.4 | —43 02 02 4.27 | +0.22| +0.71) G8 V 
999 | 03 20 55.0 | +29 04 56 4.47) +1.79| +1.55] K3 Ila Ba 0.5 
961 | 0321 34.1] +77 4606 |d 5.45 | +0.11] +0.19} AS Il: 
61 t Ari 1005 | 03 21 46.6) +21 1051 | dv 5.28 |/50!52,\) —0:071) | BSLV 
33 Per 1017 | 03 25 00.3 | +49 53 39 | das 1.79 | +0.37|) +0.48} FS5 Ib 
1 o Tau 1030 | 03 25 19.5 | +09 03 42 | 6 3.60 | +0.61) +0.89} G6 Ila Fe—1 
1009 | 03 25 30.6 | +64 37 09 5.23 | +2.06 | +2.08| MO II 
1029 | 03 26 38.1] +49 09 13 | sv 6.09 | —0.49 | —0.07| B7 V 
2 € Tau 1038 | 03 2741.1] +09 4555 | d6 3.74} —0.33 | —0.09| B9 Vn 
fe Ret 1083 | 03 29 32.8 | —6254 15 |d 4.72 | —0.04| +0.40| FS IV—V 
1035. | 03 29 50.7 | +59 58 21 | vd 4.21) —0.24|} +041] B9Ia 
1040 | 03 30 40.7 | +58 54 39 | as6 4.54} —0.11| +0.56} AO Ia 
17 Eri 1070 | 03 31 05.4 | —05 02 35 4.73 | —0.27 | —0.09| B9 Vs 
35 o Per 1052 | 03 31 14.9] +48 01 38 4.36] +1.54} +1.35] K3 I 
5 Tau 1066 | 03 31 23.9 | +1258 07 | 6 4.11) +1.02} +1.12) KO III Fe—0.5 
18 e Eri 1084 | 03 33 22.7 | —09 25 36 | das 3.73 | +0.59| +0.88} K2V 
is Bin 1088 | 03 34 12.5 | —21 3605 | 6 4.27) —0.35)'—0.11| B8&V 
20 EG Eri 1100 | 03 36 43.4} —17 26 10 | dv 5.23 | —0.49 | —0.13] B9p Si 
37 w Per 1087 | 03 37 10.1 | +48 13 25 4.23 | —0.57 | —0.06| B5 Ve 
10 Tau L1OL + | 08°37 21.54) 4-00 25 53 4.28} +0.07]| +0.58} FOTV—V 


H5 


H6 BRIGHT STARS, J2009.5 


Rlamstes dP ay a BS=HR | Right Declination | Notes v U-—B| B—V Spectral Type 
Designation No. j| Ascension 
Hi om Ss oO vf 
1106 | 03 37 26.2 | —40 14 37 4.58 | +0.77| +1.04; K1 Il 
5 For 1134 | 03 42 37.6} —31 5430 | 6 5.00 | —0.60} —0.16} BSIV 
BD Cam 1105 | 03 4259.3 | +63 1448 | 6 5.10] +1.82| +1.63] $3.5/2 
39 Oneber 1122 | 03 43 36.3] +47 49 02 | d6 3.01 | —0.51] —0.13) BS II 
23 6 En 1136 | 03 43 42.3 | —09 43 54 3.54| +0.69| +0.92| KOtIV 
B Ret 1175 | 03 44 19.3 | —64 46 38 | d6 3.85} +1.10] +1.13] K2 I 
38 Omsken 1131 | 03 4455.0 | +32 1904 | vd6 3.83 | —0.75| +0.05} B1 Ill 
24 Eri 1146 | 03 4459.5} —01 0801 |6 5.25 | —0.39} —0.10} B7V 
U7 Tau 1142 | 03 45 26.5 | +24 08 33 | 6 3.70] —0.40}| —0.11} B6 Il 
19 Tau 1145 | 03 45 46.5 | +24 29 47 | d6 4.30] —0.46| —0.11} BéIV 
41 v Per 1135 | 03 45 50.5 | +42 36 28 | d 3.77| +0.31] +0.42]) FSI 
29 Tau 1153 | 03 46 10.8 | +0604 45 | d6 5.35 | —0.61} —0.12| B3V 
20 Tau 1149 | 03 46 23.6 | +24 23 48 | s6 3.87 | —0.40| —0.07| B7 Ip 
26 ge” Abba 1162 | 03 46 35.5 | —12 04 20 4.42} +2.01] +1.63} M2° Illab 
23 Vole au 1156 | 03 46 53.5 | +23 58 38 4.18} —0.42| —0.06} B6IV 
y Hyi 1208 | 03 47 00.1 | —74 12 35 3.24) +1.99) +1.62] M2 III 
27 v® Eri 1173 | 03 47 15.4 | —23 13 20 4.23} 0.00) +0.42} F310 
5} n Tau 1165 | 03 48 03.1} +2408 02 | d 2.87 | —0.34| —0.09} B7 IIIn 
27 Tau 1178 | 03 49 43.7} +2404 55 | d6 3.63 | —0.36|} —0.09| B8 Ii 
1195 | 03 49 48.6 | —36 10 19 4.17 | +0.69 | +0.95| G7 Hla 
BE Cam | 1155 | 03 50 24.0] +65 33 16 4.47 | +2.13} +1.88} M2* Iab 
y Cam} 1148 | 0351 22.5) +71 2137 |d 4.63 | +0.07 | +0.03} AI In 
44 Gauber 1203 | 03 5443.9} +31 5440 | sd67 2:85 ==0.97)) 022i) | Bid 
34 y En 1231 | 03 58 28.4] —13 2855 | d 2.95 | +1.96} +1.59} MO.5 IIb Ca—1 
45 euaben 1220 | 03 58 29.6} +40 02 13 | sd67 2.89 | —0.95 | —0.20| BO.S IV 
5 Ret 1247 | 0358 53.9] —61 22 25 4.56} +1.96} +1.62} M1 Ill 
46 eaber 1228 | 03 59 35.0] +-35 49 03 | 6 4.04} —0.92| +0.01| O7.5 If 
B5 dh Tau 1239 | 0401 12.5} +12 3100 | v6 3.47 | —0.62| —0.12} B3V 
35 Eri 1244 | 0402 01.0} —O1 31 25 5.28 | —0.55| —0.15} BS V 
38 v Tau 1251 | 04 03 39.8 | +06 00 54 3.91 | +0.07| +0.03] Al Va 
37 Tau 1256 | 0405 15.5 | +22 06 26 | d 4.36] +0.95|}+1.07} KO II 
47 Per 1261 | 0407 17.7} +50 22 34 4.29 | —0.04| —0.02} AO IIIn 
1279 | 0408 14.3} +15 1115 | sd6 6.01 | +0.02 | +0.40} F3V 
48 MX Per 1273 | 04.09 21.3 | +47 44 13 4.04} —0.55 | —0.03} B3 Ve 
43 Tau 1283 | 04.09 43.3 | +19 38 01 5.50 +1.07) K1 Il 
1270 | 0410 16.2 | +5955 57 | s 6.32} +0.92|} +116} G8 Ila 
44 IM Tau 1287 | 04 11 24.7} +26 3018 | v 5.41 | +0.06} +0.34| F21IV—V 
38 o| Eri 1298 | 04 12 19.8 | —06 48 48 4.04 | +0.13 | +0.33} FLIV 
a Hor 1326 | 04 14 19.0 | —42 16 17 3.86 | +1.00) +1.10} K2 TI 
a Ret 1336 | 04 1432.9] —62 2701 | d6 3.35 | +0.63 | +0.91) G8 T—Il 
oil i Ber 1303 | 04 15 35.9] +48 25 57 | d67 4.14] +0.64] +0.95} G0 Ib 
40 o Eri 1325 | 04 15 42.6} —07 38 19 | d 4.43 | +0.45 | +0.82} K0.5 V 
49 fe Tau 1320 | 04 16 03.1 | +08 54 56 | 6 4.29 | —0.53} —0.06]} B3IV 
y Dor 1338 | 04 16 16.6} —51 27 47 | v 4.25 | +0.03 | +0.30} F1V* 
48 Tau 1319 | 04 16 18.7} +15 25 26 | sd 6.32 | +0.02} +0.40} F3V 
e Ret 1355 | 04 16 39.0} —59 16 46 | d 4.44) +1.07| +1.08| K2IV 
41 Eri 1347 | 04 18 15.3 | —33 46 32 | d67 3.56 | —0.37| —0.12] B9p Mn 
54 y Tau 1346 | 04 20 20.1] +15 39 00 | d6 3.63 | +0.82 | +0.99| G9.5 IIlab CN 0.5 
57 v483 Tau 1351 | 04 20 29.9 | +14 03 27 | sd6 5.59] +0.08] +0.28) FOIV 
54 Ret 1343 | 04 21 01.8 | +34 35 20 | d 4.93 | +0.69 | +0.94] G8 III Fe 0.5 


BRIGHT STARS, J2009.5 


H7 


Flamsteed/Ba BS=HR Righ te | pes 
Designa parts No. ees am Declination | Notes V U-—B | B -v| Spectral Type 
h m s oF i Gi 
1367 | 04 21 03.9 | —20 37 03 | sa —0.02} Al V 
1327 | 0421 34.4] +6509 45 |s 5.27 | +0.47| +0.81 | G5 IIb 
n Ret 1395 | 04 21 59.6] —63 21 50 5.24 | +0.69 | +0.96| G8 III 
61 5 Tau 1373 | 04 23 29.0} +17 33 51 | d6 3.76} +0.82 | +0.98} G9.5 III CN 0.5 
63 Tau 1376 | 04 23 57.8] +16 47 56 | cs6 5.64} +0.13 | +0.30} FOm 
42 € Eri 1383 | 0424 09.3 | —03 43 27 |6 5.17} +0.08} +0.08} A2V 
43 Eri 1393 | 04 24 23.7 | —33 59 43 3.96 | +1.80| +1.49| K3.5~ Ilb 
65 Kk! Tau 1387 | 04 25 56.2] +22 1854 | d6 4.22| +0.13} +0.13) AS IV—V 
68 v776 Tau 1389 | 04 26 02.4) +1756 56 | d6 4.29| +0.08} +0.05| A2IV—Vs 
69 v Tau 1392 | 04 2652.7] +22 5004 | d6 4.28} +0.14}) +0.26| A9TV~-n 
le Nee 1394 | 04 26 53.3] +15 3821 | d6 4.49} +0.14| +0.25| FOnTV—V 
ah 6! Tau 1411 | 042907.1}+155857 | d6 3.84 | +0.73 | +0.95| G9 III Fe—0.5 
74 e Tau 1409 | 0429 10.4) +19 1203 |d 3.53 | +0.88) +1.01} G9.5 III CN 0.5 
78 6? Tau 1412 | 0429 12.4) +15 53 29 | sd6 3.40} +0.13} +0.18} A7 UI 
5 Cae 1443 | 0431 07.6 | —44 5601 5.07 | —0.78 | —0.19| B2TV—V 
50 ETA 1453 | 04 33 52.9 | —29 44 52 4.51] +0.72| +0.98] KO* Ill Fe—0.5 
a Dor 1465 | 0434 12.2 | —55 01 32 | vd7 3.27| —0.35 | —0.10} AOp Si 
86 p Tau 1444 | 0434 23.3) +1451 49 | 6 4.65 | +0.08} +0.25| A9V 
52 v> Eri 1464 | 0435 55.2 | —30 32 36 3.82 | +0.72 | +0.98} G8.5 IIa 
88 Tau 1458 | 04 36 10.6] +10 10 47 | d6 4.25} +0.11} +0.18); A5m 
87 a Tau 1457 | 04 36 28.0 | +16 31 40 | sd6 0.85 | +1.90] +1.54| K5* I 
48 v Eri 1463 | 04 36 47.7 | —03 2001 | vd6 3.93 | —0.89} —0.21|} B2 TI 
R_ Dor 1492 | 04 36 52.3 | —62 03 31 | sd 5.40 | +0.86 | +1.58| MB8e III: 
58 Per 1454 | 0437 21.1} +41 1701 | c6 4.25 | +0.82 | +1.22| KOI-—lI+B9 V 
53 Eri 1481 | 0438 37.0| —14 1710 | d67 3.87} +1.01} +1.09} K1.5 IIIb 
90 Tau 1473 | 0438 41.4] +12 3145 | d6 4.27} +0.13} +0.12} ASTV—V 
54 DM Eri 1496 | 04 4051.5] —19 39 14 | d 4.32 | +1.81) +1.61) M3 U—Il 
a Cae 1502 | 04 4052.1 | —41 5046 | d 4.45 | +0.01} +0.34] FLV 
Cae 1503 | 04 42 23.7 | —37 07 34 5.05 | +0.04 | +0.37| F2V 
94 t Tau 1497 | 04 42 49.0] +22 58 28 | d67 4.28 | —0.57| —0.13| B3V 
57 pe En 1520 | 04 45 58.7] —03 14 16 | 6 4.02 | —0.60| —0.15] B4IV 
4 Cam | 1511 | 0448 48.0} +56 46 23 | d 5.30} +0.15 | +0.25| Am 
1 m> Ori 1543 | 0450 21.4] +06 58 38 | ad6 3.19} —0.01| +0.45| F6V 
1533 | 0450 33.1 | +37 30 15 4.88 | +1.70| +1.44] K3.5 I 
2 a> Ori 1544 | 0451 07.8] +0854 57 | 6 4.36) 0.00] +0.01} AO.5TVn 
3 x* Ori 1552 | 0451 42.8 | +05 37 14 | s6 3.69} —0.81} —0.17) B210 
97 v480 Tau 1547 | 045155.9| +185119 | d 5.10) +0.12| +0.21] A9 Vt 
4 o! Ori 1556 | 0453 04.3 | +14 1557 | cv 4.74 | +2.03 | +1.84] S3.5/1— 
61 @ Eri 1560 | 0453 21.7) —05 2615 | 6 4.39} +0.16] +0.25) A9IV 
8 m> Ori 1567 | 04 54 44.8 | +02 27 20 | v6 3.72} —0.83 | —0.18| B2 10 
n Men | 1629 | 045455.2 | —7455 19 5.47} +1.83} +1.52| K4 I 
9 a Cam |} 1542 | 0455 00.0} +66 21 27 4.29 | —0.88 | +0.03} O9.5 Ia 
g) Cn On 1580 | 0456 54.4] +13 31 44 | d 4.07) +1.11] +1.15} K2~- If Fe—1 
3 t Aur 1577 | 0457 36.8] +33 1049 | a 2.69 Fh, 78)/ +58)) KS 
a Cam | 1568 | 0458 03.1 | +53 45 59 | d67 4.47| —0.01 | —0.02} AOm Al II 
10 m® Ori 1601 | 0459 02.5] +01 43 41 4.47} +1.55| +1.40} K2° I 
Vl e Aur 1605 | 05 02 39.1} +4350 11 | vd6 2.99 | +0.33} +0.54) A9 Ia 
8 ¢ Aur 1612 | 05 03 08.6} +41 05 20 | cdv6 3.75 | +0.38} +1.22)} KSII+ BS V 
102 t Tau 1620 | 05 03 39.9 | +21 36 10 4.64] +0.15 |] +0.16| A7IV 
10 B Cam | 1603 | 05 04 16.0} +6027 18 | d 4.03 | +0.63 | +0.92} G1 Ib—Ia 


H8 BRIGHT STARS, J2009.5 
; ie ae 
BS eee Right Declination | Notes V USB |p Vy Spectral Type 
Designation No. | Ascension 
Bie m es On ey, 
11 vl032 Ori 1638 | 05 05 06.8} +15 25 00 | v 4.68 | —0.09} —0.06} AOp Si 
n? Pic 1663 | 05 05 12.8 | —49 33 55 5.03 | +1.88} +1.49} KS II 
¢ Dor 1674 | 05 05 40.5 | —57 27 36 4.72 | —0.04]} +0.52} F7V 
2 e Lep NGS4e OSS SESH 22 2 32 3.19! +1.78| +1.46} K4 III 
10 n Aur 1641 | 0507 11.0} +41 1447 | a 3.17 | —0.67 | —0.18) B3V 
67 Bp En 1666 | 05 08 19.0} —05 04 29 |d 2.79 | +0.10} +6.13} A3IVn 
69 A Eri 1679 | 05 09 36.1 | —08 44 33 4.27| —0.90| —0.19} B21Vn 
16 Ori 1672 | 0509 51.0} +09 50 28 | d6 5.43 | +0.16} +0.24} A9m 
3 i Lep 1696 | 05 12 44.5} —115130 |d 4.45 | —0.40} —0.10} B9 V: 
5 je Lep 1702 | 05 1321.5} —161141 |s 3.31} —0.39} —0.11]} B9p Hg Mn 
4 K sep 1705 | 05 13 40.2 | —12 55 50 | d7 4.36 | —0.37| —0.10| B7V 
0 Dor 1744 | 05 13 45.1 | —67 10 28 4.83 | +1.39}] +1.28| K2.5 Ila 
17 p Or 1698 | 05 13 47.3 | +02 52 19 | d67 4.46) +1.16} +1.19} KI IICN0.5 
11 w Aur 1689 | 05 14 04.8 | +38 29 42 4.86} +0.09|} +0.18} A7m 
19 B Ori 1713 | 05 1459.7} —08 1129 | vdas6| 0.12} —0.66] —0.03] B8 Ia 
13 a Aur 1708 | 05 17 23.6 | +46 00 24 | cd67 0.08 | +0.44| +0.80} G6 Il + G2 Il 
o Col 1743 | 05 17 49.7 | —34 53 11 4.83 | +0.80} +1.00} KO/1 III/IV 
20 t Ori 1735 | 05 18 04.1 | —06 5005 | sd6 3.60} —0.47| —0.11) BS Il 
€ Pic 1767 | 05 19 36.2] —50 35 46 5.45 | +0.01} +0.51] F7 I-IV 
15 A Aur 1729 | 05 19 48.6} +40 06 24 | d 4.71 | +0.12} +0.63} G1.5IV—V Fe—1 
6 A Lep 1756 | 05 20 00.8 |} —13 10 03 4:29 i103 —0:26| “BOS IV 
22 Ori 1765 | 05 22 14.9} —00 22 25 | 6 4713 (0.79 O17) BRIV—V 
1686 | 05 2408.4| +79 1424 |d 5.05 | —0.13 | +0.47| F7 Vs 
29 Ori 1784 | 05 24 24.3 | —07 48 00 4.14 | +0.69 | +0.96} G8 III Fe—0.5 
28 n Ori 1788 | 05 2457.3 | —02 23 21 | cdv6 3:36)|'—-0192 |F— OR) BIVE-F B 
24 y Ori 1790 | 05 25 38.5 | +06 21 27 | d6 1.64 | —0.87} —0.22| B2 II 
112 B Tau 1791 | 05 26 53.6 | +28 36 53 | sd 1.65 | —0.49 | —0.13| B7 II 
115 Tau 1808 | 05 27 43.4} +1758 11 |d 5.42 | —0.53| —0:10| BS V 
9 paep 1829 | 05 28 39.2 | —204509 | d 2.84 | +0.46] +0.82] G5 II 
1856 | 05 30 25.2 | —47 04 16 | d7 5.46 | +0.21 | +0.62} G3IV 
ly Cam | 1802 | 05 31 04.2! +63 04 26 5.42 | +2.00! +1.71| M1 Illa 
32 Ori 1839® | O5:3017-6 3-05 57 17 | d7 4.20} —0.55| —0.14] BS V 
y Men | 1953 | 05 31 30.8) —76 2001 | d 5.19} +1.19) +1.13} K210 
e Col 1862 | 05 31 33.0} —35 27 50 3.87} +1.08] +1.14) K1 AI 
34 5 Ori 1852 | 05 32 29.5 | —00 17 34 | dv6 223) OS) =O22) FOO I 
119 CE Tau 1845 | 05 32 46.2 | +18 36 02 4.38] +2.21| +2.07} M2 Iab—Ib 
11 a Weep 1865 | 05 33 09.0 | —17 48 58 | das 2.58 | +0.23 | +0.21] FOTb 
25 x Aur 1843 | 05 33 20.8 | +32 1154 | 6 4.76 | —0.46| +0.34| BS Iab 
B Dor 19227. |'05133°42.5 |'=62'29'01 |v 3.76 | +0.55 | +0.82| F7—G2 Ib 
87 ¢' Ori 1876 | 05 35 20.6] +09 29 43 | d6 4.41} —0.97| —0.16} BO.STV—V 
39 A Ori 1879-05135 39.71 =-09'56:23 Id 3.54) —1.03] —0.18} O8 IIIf 
v1046 Ori 1890 | 05 35 50.1 | —04 29 19 | sdv6 6.55 |} —0.77| —0.13| B2Vh 
1891 | 05 35 50.6 | —04 25 07 | ds 6.24 | —0.70} —0.15} B2.5V 
44 t On 1899 | 05 35 53.9} —05 5415 | ds6 2.77 | —1.08 | —0.24| O9 I 
46 e Ori 1903 | 05 36 41.8] —O1 11 47 | das6 1.70] —1.04) —0.19] BOlIa 
40 Ori 1907 | 05 37 25.7 | +09 1742 |s 4.09 | +0.64} +0.95| KO tlb Fe~2 
18 ¢ Tau 1910 | 05 38 12.8) +210851 | s6 3.00 | —0.67]| —0.19] B2 IIpe (shell) 
48 o Ori 1931 | 05 39 13.4) —02 35 43 | d6 3.81) —1.01] —0.24] 09.5 V 
a Col 1956 | 05 39 59.6) —3404 10 | d 2.64) —0.46| —0.12} B7IV 
50 ¢ Ori 1948 | 0541 14.3) —01 5617 | d6 2.03 | —1.04| —0.21} 09.5 Ib 


BRIGHT STARS, J2009.5 


Flamsteed/Bayer | BS=HR Right F Po 
Designation No. Ascension Deion, Nowe 
h m N Ce a 
5 Dor | 2015 | 05 44 47.5 | —65 43 55 
13 y Lep 1983 | 05 4451.6] —22 2645 | d 
27 o Aur 1971 | 05 46 38.2} +49 49 46 
14 Ge ken 1998 | 05 47 23.2] —144908 | 6 
B Pic 2020 | 05 47 30.6 | —51 03 48 
130 Tau 1990 | 05 47 59.5 | +17 43 55 
53 k Ori 2004 | 05 48 12.4] —09 40 01 
Vi SPIC 2042 | 05 5000.1 | —56 09 52 
2049 | 05 51 06.1 | —52 06 25 
B Col 2040 | 0551 17.7] —35 45 55 
il) 5 Lep | 2035 | 0551 43.8] —2052 44 
32 v Aur | 2012 | 05 5208.9] +390901 |d 
136 Tau 2034 | 05 5355.5 | +27 36 49 | 6 
54 x! Ori | 2047 | 0554 56.8] +20 16 38 | 6 
30 € Aur | 2029 | 05 55 38.6] +55 42 29 
58 a Ori 2061 | 0555 41.2 | +07 24 29 | ad6 
16 n Lep | 2085 | 05 5650.3] —14 1000 
y Col 2106 | 05 5752.4) —35 1658 | d 
60 Ori 2103 | 0559 18.9) +00 33 12 | d6 
im (Co! 2120 | 05 59 26.3 | —42 48 54 
34 B Aur | 2088 | 0600 13.6} +445651 | vd6 
33 56 Aur | 2077 | 0600 18.6] +54 1704 |d 
Si 6 Aur | 2095 | 0600 22.2) +37 1245 | vd67 
35 xz Aur | 2091 | 0600 38.4} +45 56 12 
61 fe Ori 2124 | 0602 54.4) +09 38 48 | d6 
62 x? Ori 2135 | 06 04 29.1 | +2008 15 | asv 
1 Gem | 2134 | 06 04 41.9 | +23 15 43 | d67 
17 SS Lep | 2148 | 0605 24.6 | —16 2908 | s6 
67 v Ori 2159 | 06 08 06.9 | +14 46 00 | d6 
v Dor | 2221 | 0608 40.6 | —68 50 43 
2180 | 0609 21.8) —22 25 47 5.50 —0.01 
a Men | 2261 | 0609 57.5 | —74 45 21 5.09 | +0.33 | +0.72 
5 Pic 2212 | 06 1029.0] —5458 16 | v6 4.81 | —1.03 | —0.23 
70 — Ori 2199 | 06 1228.8) +14 1221 | d6 4.48 | —0.65 | —0.18 
36 Cam | 2165 | 06 13 48.4} +65 4255 | 6 5.38 | +1.47 | +1.34 
5 y Mon} 2227 | 0615 19.1 | —06 16 42 |d 3.98 | +1.41 | +1.32 
if n Gem | 2216 | 0615 27.1] +22 3012 | vd6 3.28 | +1.66| +1.60 
44 k Aur | 2219 | 0615 59.0) +29 29 38 4.35 | +0.80 | +1.02 
k Col 2256 | 06 1653.4] —35 08 39 4.37 | +0.83 | +1.00 
74 Ori 2241 | 06 1658.6] +12 1608 | d 5.04 | —0.02 | +0.42 
2209 | 06 1953.5] +69 1854 | 6 4.80] 0.00} +0.03 
Al Mon | 2273 | 06 20 10.3 | —07 49 39 | d6 5.27 | —0.75 | —0.19 
2 UZ, Lyn 2238 | 06 20 27.6 | +59 00 23 4.48 | +0.03 | +0.01 
1 ¢ CMa] 2282 | 06 2040.7) —300405 | d6o 3.02 | —0.72.| —0.19 
5 Col 2296 | 06 22 27.7 | —33 26 30 | 6 3.85 | +0.52 | +0.88 
2 B CMa} 2294 | 06 2307.1] —175740 | svd6 1.98 | —0.98 | —0.23 
13 fe Gem | 2286 | 06 23 32.1) 4-22 30 29 | sd 2.88 | +1.85 | +1.64 
a Car 2326 | 06 24 09.8 | —52 42 04 —0.72 | +0.10} +0.15 
8 Mon | 2298 | 06 24 16.3] +04 35 14 | d6 4.44] +0.13 | +0.20 
2305 | 06 24 36.9 | —11 32 09 5.22 | +1.20 | +1.24 


H9 


Spectral Type 


A7 Vtn 
F7 V 
AOp Cr 
A2 Van 
A6 V 


FO lil 
BO.5 Ia 
K1 Il 
G8 Ul 
K1.5 


KO If Fe—1.5 CH 0.5 
KO III CN 0.5 

AO IV 

GO" V Ca 0.5 

Al Va 


M1—M2 Ia—Iab 
Fl V 

B2.5 IV 

Al Vs 

G8/K1 I 


ALIV 
KO" I 
AOp Si 
M3 II 
ASm: 


B2 Ia 
G5 III—IV 
Ap (shell) 
B3 IV 
B8 V 


AO V 

G5 V 
BO.5 IV 
B3 IV 
K2 Ii—-Il 


K1 If] Ba 0.5 
M2.5 Ill 

G9 Ib 

KO.5 Illa 
F41V 


AO IVtnn 
B2.5 V 
Al Va 
B2.5 V 
G7 II 


B1 I—Il 
M3 Iilab 
AQ II 

A6 IV 
K3 Il 


BRIGHT STARS, J2009.5 


H10 

Flamsteed/Bayer | BS=HR Right 

Designation No. | Ascension 
h m Ss 

46 w! Aur | 2289 | 06 25 37.8 
10 Mon | 2344 | 06 28 25.7 
2d CMa] 2361 | 06 28 31.4 
18 Gem | 2343 | 06 29 31.6 
4 —1 CMa| 2387 | 0632 15.1 
2392 | 06 33 13.6 
13 Mon | 2385 | 06 33 25.1 
2395 | 06 34 06.9 
2435 | 0635 11.2 
5 —&? CMa] 2414 | 06 35 27.3 
7 v? CMa] 2429 | 06 3705.9 
v Pup | 2451 | 06 3803.1 
24 y Gem] 2421 | 0638 15.6 
8 v> CMa] 2443 | 06 38 18.5 
15 S Mon | 2456 | 0641 30.1 
27 € Gem] 2473 | 06 4431.0 
30 Gem | 2478 | 06 4431.4 
9 a CMa] 2491 | 06 45 33.8 
2513 | 06 45 39.2 
31 — Gem| 2484 | 0645 49.3 
56 w> Aur | 2483 | 0647 25.4 
2518 | 06 47 40.9 
2401 | 06 4750.4 
a Pic | 2550 | 0648 17.3 
18 Mon | 2506 | 06 48 21.4 
57 w® Aur | 2487 | 06 48 23.0 
v415 Car | 2554 | 0650 03.7 
t Pup | 2553 | 065010.3 
13 k CMa| 2538 | 0650 11.8 
v592 Mon | 2534 | 0651 09.8 
t Vol | 2602 | 0651 20.3 
34 6 Gem| 2540 | 0653 24.9 
16 o! CMa} 2580 | 0654 31.6 
14 6 CMa} 2574 | 06 5437.9 
43 Cam | 2511 | 0654 43.4 
NP Pup | 2591 | 0654 44.6 
20 t CMa} 2596 | 06 56 33.7 
15 Lyn | 2560 | 0658 05.8 
21 € CMa} 2618 | 0659 00.0 
2527 | 0701 26.4 
22 a CMa] 2646 | 0702 05.9 
42 w Gem] 2630 | 0702 59.5 
24 o* CMa} 2653 | 0703 25.3 
23 y CMa] 2657 | 070411.3 
2666 | 07 04 20.9 
v386 Car | 2683 | 07 04 29.0 
43 ¢ Gem! 2650 | 0704 40.3 
y? Vol | 2736 | 07 08 39.9 
25 5 CMa] 2693 | 0708 46.7 
20 Mon | 2701 | 07 1042.0 


Declination 


ite 


+49 16 55 
—04 46 07 
=32 35:12 
+20 12 19 
23 25 33 


—11 10 26 
+07 19 31 
—O0 13°41 
—52 59 01 
=22 58 22 


S19 15.52 
—43 12 17 
+16 23 25 
—18 1447 
+09 53 11 


ae) WO Ns) 
+13 13 04 
—16 43 47 
—52 12 41 
+12 53 05 


+43 34 01 
371 56,26 
+79 33 09 
—61 57 06 
+02 24 04 


+48 46 43 
—53 38 02 
—50 37 34 
—32 3112 
—08 03 10 


—70 58 30 
+33 56 56 
—24 11 48 
—12 03 04 
+68 52 33 


—42 22 41 
—17 04 02 
+58 24 33 
—28 59 08 
+76 57 49 


=27 56 56 
+24 12 04 
=23 50:52 
=15 38.92 
—42 21 06 


—56 45 52 
+20 33 20 
—70 30 51 
—26 24 32 
—04 15 09 


—0.18 
—0.56 
=0:15 
—0.03 


+1.01 
—0.41 
+0.04 
+1.04 
—1.07 


+1.46 
+1.16 
—0.05 


+0.06 


+0.05 
0:25 
—0.02 
+0.13 
+1.04 


+1.04 
+0.61 
41.21 
=0:92 
+0.02 


—0.38 
+0.14 
=+-1.99 
+1.70 
—0.43 


arene: 
—0.70 
+0.52 
—().93 
+1.66 


+1.88 
+0.68 
—0.80 
—0.48 
+0.15 


+0.62 
+0.88 
+0.54 
+0.78 


OWT, 
—017 
=—0M3 
—0.24 


+1.11 

0.00 
—0.14 
—0.02 
—0.05 


+1.06 
OM 

0.00 
se lal; 
—0.25 


+1.40 
+1.16 

0.00 
+1.08 
+0.43 


+0.56 
—0.08 
+0.50 
+0.21 
Ss al! 


She 
+0.92 
+1.20 
—(.23 

0.00 


Od 
+0.10 
i738 
+1.43 
—Ouls 


+2.24 
—0.07 
+0.85 
Ori 
+1.36 


ats/3 
+0.94 
—0.08 
O12) 
+0.20 


—0.04 
+0.79 
+1.04 
+0.68 
+1.03 


Spectral Type 


K5—MO Iab—Ib 
B2V 
B4V 
B6 Il 
B1 Il 


G9.5 Ill: Ba 3 
AO Ib—II 

BS Vn 

AO II 

AO III 


K1.5 DI—IV Fe 1 
B8 IfIn 

Ali IVs 

KO.5 II 

O7 Vf 


G8 Ib 

KO.5 If CN 0.5 
AOm Al Va 

G5 Iab 

FS IV 


GO V 
B8/9 V 
F8 V 
A6 Vn 
KO* Ila 


KO Il 

G4 II 

K1 Il 

B1.5 [Vne 
A2p Sr Cr Eu 


B7IV 
A3 I-IV 
K2 Tab 
K4 Il 
B7 Il 


C5,2.5 

B3 Il 

G45 WI-IV 
B21 

K4 I 


K7 Ib 
G5 Ila 
B3 la 
B8 II 
A9m 


Ap Si 

F9 Tb (var) 
G9 III 

F8 Ia 

KO Il 


BRIGHT STARS, J2009.5 


H11 


Flamsteed/Bayer | BS=HR Right ee 

Deaittaian No. getiat Bis DEON NDEs) means aU | ead 
hm s on ne wf =F 

46 t Gem | 2697 | 07 1144.6] +30 13 44 4.41 | +1.41 | +1.26 
63 Aur 2696 | 07 12 18.5] +39 18 15 4.90 | +1.74} +1.45 
22 6 Mon | 2714 | 07 1221.0} —00 3033 | d 4.15 | +0.02 | —0.01 
QW Pup 2740 | 0712 49.9 | —46 46 32 4.49 | —0.01 | +0.32 
48 Gem | 2706 | 07 1301.0] +2406 43 | s 5.85 | +0.09 | +0.36 
L, Pup 2748 07 13 49.7 | —44 39 20 | vd 5.10 +1.56 
51 BQ Gem |} 2717 | 07 1355.0] +1608 32 |d 5.00} +1.82 | +1.66 
27 EW CMa} 2745 | 07 1438.5] —26 22 10 | d6 4.66 | —0.71 | —0.19 
28 @ CMa| 2749 07 15 11.8 | —26 47 23 3.85 | —0.73 | —0.17 
5 Vol 2803 | 07 16 49.4 | —67 58 28 3.98 | +0.45 | +0.79 
mz Pup 2773 07 17 28.7 | —37 06 54 |d 2.70 | +1.24} +1.62 
54 A Gem] 2763 07 18 38.3 | +16 31 21 | d67 3.58} +0.10] +0.11 
30 t CMa] 2782 | 07 1906.1 | —2458 20 | vd6 4.40} —0.99 | —0.15 
Sp) 6 Gem} 2777 | 07 2041.4) +21 5751 | d67 3.53 | +0.04 | +0.34 
31 n CMa] 2827 | 07 24 28.3] —29 1920 | das 2.45 | —0.72| —0.08 
66 Aur 2805 | 07 24 47.8 | +40 39 12 | 6 5.23 | +1.25 | +1.25 
60 t Gem} 2821 07 26 18.9 | +27 46 42 3.79 | +0.85 | +1.03 
3 B CMi |} 2845 | 07 27 39.9] +08 16 10 | d6 2.90 | —0.28 | —0.09 
4 y CMi |} 2854 | 07 28 40.8] +08 54 20 | d6 4.32 | +1.54} +1.43 
o Pup 2878 | 07 2931.9} —43 19 16 | vd6 3.25 | +1.78| +1.51 
62 p Gem | 2852 | 07 29 43.3] +3145 54 | d6 4.18 | —0.03 | +0.32 
6 CMi | 2864 | 07 3019.5} +1159 11 4.54} +1.37] +1.28 
2906 | 07 34 27.6 | —22 19 02 4.45 | +0.06 | +0.51 
66 a! Gem | 2891 07 35 12.2 | +31 5200 | od6 1.98 | +0.01 | +0.03 
66 a? Gem | 2890 | 0735 12.5] +315202 | od6 2.88 | +0.02 | +0.04 
2934 | 07 35 53.8 | —52 3319 |6 4.94 | +1.63 | +1.40 
69 v Gem | 2905 | 07 36 30.4] +2652 26 |d 4.06 | +1.94 | +1.54 
2937 07 37 43.2 | —34 59 25 | d7 4.53 | —0.31 | —0.09 
25 Mon | 2927 | 07 37 45.0} —04 0758 | d 5.13 | +0.12} +0.44 
10 a CMi | 2943 07 39 47.9 | +05 1201 | osd67 0.38 | +0.02 | +0.42 
R Pup 2974 | 0741 14.7} —314101 |s 6.56} +0.85 | +1.18 
¢ Vol 3024 | 0741 41.9| —72 3744 | d7 3.95 | +0.83 | +1.04 
26 a Mon} 2970 | 0741 42.1 | —09 34 26 3.93 | +0.88 | +1.02 
24 Lyn 2946 | 0743 48.4) +5841 14 | d 4.99 | +0.08 | +0.08 
75 o Gem | 2973 07 43 54.3 | +28 5135 | d6 4.28 | +0.97 | +1.12 
3 Pup 2996 |074411.4] —285841 |6 3.96 | —0.09 | +0.18 
OV Cep 2609 | 07 44 38.0 | +86 59 50 5.07 | +1.97 | +1.63 
WHA kK Gem | 2985 07 45 01.2 | +24 22 28 | ad7 3.57] +0.69 | +0.93 
3017 07 45 35.6 | —37 59 31 3.61 | +1.72 | +1.73 
78 B Gem} 2990 | 0745 53.8] +28 0009 | ad 1.14} +0.85 } +1.00 
4 Pup 3015 07 46 23.1 | —14 35 15 5.04 | +0.09 | +0.33 
81 Gem | 3003 | 07 46 40.4] +18 29 10 | 6 4.88 | +1.75 | +1.45 
11 CMi | 3008 | 07 46 47.5 | +10 4440 | 6 5.30} —0.02 | +0.01 
2999 07 47 17.2 | +37 29 37 5.18} +1.94] +1.58 
3037 =| 07 47 48.7 | —46 37 57 | 6 5.23 | —0.85 | —0.14 
80 x Gem] 3013 | 07 48 07.0} +33 23 30 | d7 5.14} +1.95 | +1.60 
o Pup 3034 | 07 48 28.9} —25 5740 |d 4.50} —1.02 | —0.05 
3055 | 07 49 31.7 | —46 2351 |d 4.11} —1.01 | —0.18 
Vf —€ Pup 3045 | 0749 41.6} —24 53 03 | d6 3.34] +1.16] +1.24 
13 ¢ CMi |} 3059 07 52 11.5 | +01 44 31 5.14] —0.49] —0.12 


Spectral Type 


K2 Ill 
K3.5 Il 
Al It 
FO IVs 

F5 I-IV 


MS Ile 
M4 IIab 
B3 Iep 
B2 IV—Ve 
F9 Ib 


K3 Ib 
A4 IV 
09 II 
FO Vt 
BS Ia 


K1 Illa Fe—1 
G9 IIIb 

B8 V 

K3 Ill Fe—1 
KS Hl 


FO Vr 
K1 Il 
F6 IV 
Alm A2 Va 
A2m AS V: 


K3 Il 

MO Ii—IIb 
B8 V 

F6 II 

ES IV—V 


G2 0—Ia 
G9 IIT 
GONE Re Sil 
A2 IVn 

K1 Il 


A2 Ib 
M2" Illab 
G8 Ill 

KS Ila 
KO Ilb 


F2 V 

K4 Ill 

AO.5 TV- nn 
M2* IIb 
B1.51V 


M1* Ila 
B1 [V:nne 
BO II 

G6 Iab—Ib 
B8 I 


H12 BRIGHT STARS, J2009.5 
Flamsteed/Bayer BS=HR eu Declination | Notes V U-—B | B-V Spectral Type 
Designation No. Ascension 
h m S i i 
3080 | 07 52 32.6 | —40 36 02 3.73 | +0.78| +1.04} KI/2I+A 
QZ Pup 3084 | 07 52 58.8 | —38 53 16 4.49 | —0.69} —0.19| B2.5 V 
3090 | 07 53 34.9 | —48 07 41 4.24| —1.00) —0.14| BO.5 Ib 
83 @ Gem | 3067 | 07 5404.6] +26 44 26 4.97| +0.10} +0.09} A3IV—V 
26 Lyn 3066 | 0755 24.0} +47 32 21 5.45 | +1.73| +1.46] K3 Ul 
Kear 3117. | 07 5701.2 | —53 00 29 3.47] —0.67| —0.18] B3p Si 
11 Pup 3102 | 0757 16.1} —22 54 21 4.20} +0.42| +0.72} F8 Il 
3113 | 07 58 02.8 | —30 21 38 4.79| +0.18} +0.15} A6II 
Ve Eup 3129 | 0758 30.8 | —49 16 16 | cvd6 4.41| —0.96| —0.17|} Bl Vp+ B2: 
3153 | 07 59 47.2 | —60 36 48 | s 5.17} +1.91} 41.74} MISI 
27 Mon | 3122 | 08 00 12.6 | —03 42 22 4.93) +1.21} +1.21} K210 
3131 | 08 00 17.6} —18 25 33 4.61} +0.08 | +0.08} A2TVn 
3075 | 08 01 18.9 | +73 53 28 5.41] +1.64| +1.42} K3 I 
3145 | 08 02 45.6} +02 18 28 | d 4.39 | +1.28) +1.25}| K2 Ib Fe—0.5 
¢ Pup 3165 | 08 03 55.1 | —4001 49 | s 2.25 | —1.11} —0.26| O5 Jafn 
x Gem] 3149 | 08 0406.0} +27 4601 | d6 4.94) +1.09} +1.12} K1 Il 
15 p Pup 3185 | 08 07 56.9 | —24 19 56 | vd6 2.81 | +0.19} +0.43} FS (b—IDp 
e Vol 3223 | 08 07 57.4 | —68 38 42 | d67 4.35} —0.46| --0.11} B6IV 
29 ¢ Mon } 3188 | 08 09 04.3 | —03 00 43 | d 4.34) +0.69 | +0.97|} G2 Ib 
27 Lyn 3173 | 08 09 10.1 | +51 28 43 | d 4.84} 0.00} +0.05} Al Va 
16 Pup 3192 | 08 09 27.1] —19 16 24 | 6 4.40 | —0.60] —0.15; BSIV 
y? Vel 3207 | 08 09 49.5 | —47 21 54 | cd6 1.78 | —0.99 | —0.22| WC8 + O9I: 
NS Pup 3225 | 08 11 41.9 | —39 38 50 | 6 4.45 | +1.86] +1.62} K4.5 Ib 
3182 | 08 13 44.9 | +68 26 42 5.45 | +0.80} +1.05} G7 II 
20 Pup 3229 | 08 13 46.2 | —15 49 02 4.99} +0.78| +1.07} G5 Ila 
3243 | 08 14 23.2 | —40 22 38 | d6 4.44) +1.09} +1.17} K1 IAI 
17 B Cne | 3249 | 08 1701.8} +0909 21 |d 3.52} +1.77| +1.48| K4 III Ba 0.5 
a Cha | 3318 | 0818 16.1] —76 5658 4.07 ; —0.02} +0.39| F4IV 
3270 | 08 18 54.7 | —36 41 21 4.45 | +0.11) +0.22} A7IV 
@ Cha | 3340 | 08 20 20.6] —77 3053 |d 4.35 | +1.20] +1.16] K2 ICN 0.5 
18 x ne 3262 | 08 20 38.4) +27 11 11 5.14} —0.06| +0.47| F6V 
3282 | 08 21 45.5 | —33 05 06 4.83] +1.60} +1.45| K2.5 Il—-I 
e Car 3307 | 08 22 42.5 | —59 32 25 | dc 1.86 | +0.19} +1.28) K3: I+ B2: V 
31 Lyn 3275 | 08 23 29.0} +43 09 25 4.25} +1.90} 41.55} K4.5 Il 
3315 | 08 25 28.4 |; —24 04 39 | d6 5.28 | +1.83] +1.48] K4.5 TI CN 1 
B Vol 3347 | 08 25 50.3 | —66 10 07 3.77 | +1.14) +113) K2 1 
3314 | 08 26 08.1 | —03 56 17 3.90 | —0.02 | —0.02} AO Va 
1 o UMa} 3323 | 08 31 02.8] +6041 08 | sd 3.37) +0.52| +0.85] G5 11 
33 n Cne | 3366 | 08 33 15.4} +20 24 30 5.33 | +1.39} +1.25] K3 III 
3426 | 08 37 58.7 | —43 01 22 4.14) +0.16} +0.11} A6II 
4 5 Hya | 3410 | 08 3809.5] +05 40 13 | d6 4.16} +0.01} 0.00] Al TVnn 
5 o Hya | 3418 | 0839 15.2} +03 18 27 4.44) +1.28}+1.21} KI II 
6 Hya | 3431 | 08 40 28.5] —12 30 34 4.98} +1.62} +1.42} K4TII 
B Pyx 3438 | 08 40 28.5 | —35 20 33 | d6 3.97 | +0.65 | +0.94} G4 II 
o Vel 3447 | 08 40 33.9 | —52 57 21 | v6 3.62} —0.64| —0.18| B3IV 
v343 Car 3457 | 08 40 49.6 | —59 47 42 | dé 4.33} —0.80} —0.11] B1.5 I 
3445 | 08 40 56.5 | —46 4058 | d 3.82 | +0.33| +0.70} FO Ia 
n Cha | 3502 | 08 4058.9] —78 59 51 5.47| —0.35] —0.10|} B8&V 
34 Lyn 3422 | 08 41 40.3 | +45 48 00 5.37 | +0.75 | +0.99] G8 IV 
7 n Hya | 3454 | 08 43 43.2] +03 2151 | 6 4.30 | —0.74| —0.20| B4V 


BRIGHT STARS, J2009.5 


H13 


Flamsteed/Bayer | BS=HR Right dee 

Desiteate No. Rss Desinavon Now: v ae 
h m Ss (Ie Pe 

43 Me (Gre 3449 | 08 43 50.1] +21 2602 | dé 4.66 | +0.01 
a Pyx 3468 | 08 43 58.5 | —33 13 16 3.68 | —0.88 
3477 | 08 44 44.3 | —42 41 02 |d 4.07 | +0.52 
5 Vel 3485 | 08 44 58.0) —54 44 38 | d7 1.96 | +0.07 
47 5 Cne 3461 | 0845 13.4) +18 0708 | d 3.94 | +0.99 
3487 | 08 46 21.0 | —46 04 36 3.91 | —0.05 
12 Hya | 3484 | 08 46 49.5 | —13 3458 | d6 4.32 | +0.62 
v344 Car 3498 | 08 4657.3 | —56 48 18 4.49 | —0.73 
48 i Cite 3475 | 08 47 16.2 | +28 43 28 | d 4.02 | +0.78 
11 € Hya | 3482 | 08 47 16.6} +06 2301 | cd67 3.38 | +0.36 
13 p Hya | 3492 | 08 4856.1} +05 48 08 | d6 4.36 | —0.04 
14 KX Hya | 3500 | 08 49 50.4} —03 28 43 5.31} —0.35 
y Pyx 3518 | 08 5056.1 | —27 44 44 4.01 | +1.40 
Ge 1Oci 3678 | 08 55 08.3 | —85 41 59 5.42 | +0.07 
3571 | 0855 15.7] —60 4052 |d 3.84 | —0.45 
16 ¢ Hya | 3547 | 0855 53.7} +05 54 32 3.11} +0.80 
v376 Car 3582 | 0857 12.3 | —59 1558 | d 4.92 | —0.77 
65 oy (Cine 3572 | 08 5900.4} +11 49 14 | d6 4.25 | +0.15 
9 t UMa} 3569 | 0859 51.2} +4800 14 | d6 3.14] +0.07 
64 a (Cine 3575 | 09 00 07.5 | +32 2252 | d 5.22 | +0.64 
3591 | 09 00 26.7 | —41 17 27 | c6 4.45 | +0.38 
3579 | 0901 15.2} +41 4440 | 0d67 3.97 | +0.04 
a Vol 3615 | 09 02 35.7 | —66 2603 | 6 4.00 | +0.13 
8 p UMa| 3576 | 09 03 23.4] +67 35 30 4.76 | +1.88 
12 k UMa} 3594 | 09 04 16.2 | +4707 06 | d7 3.60} +0.01 
3614 | 09 04 29.0 | —47 08 09 3.75 | +1.22 
3643 | 09 05 10.0 | —72 38 27 4.48 | +0.22 
3612 | 09 07 07.9 | +38 24 49 4.56 | +0.82 
76 k Cne 3623 | 09 08 15.6 | +10 37 46 | d6 5.24| —0.43 
Ka Vel 3634 | 09 08 20.8 | —43 2817 | d 2.21 | +1.81 
15 UMa} 3619 | 09 09 32.2 | +51 33 57 4.48 | +0.12 
Wa) &€ Cne 3627 | 09 09 54.2 | +22 00 23 | d6 5.14] +0.80 
v357_ Car 3659 =| 09 11 13.1} —5900 22 | 6 3.44 | —0.70 
3663 | 09 11 29.6 | —62 21 22 3.97 | —0.67 
B Car 3685 | 09 13 18.0) —69 45 23 1.68 | +0.03 
36 Lyn 3652 | 09 14 25.3) +43 1041 5.32 | —0.48 
22 @ Hya | 3665 | 09 1451.5] +02 16 26 | d6 3.88 | —0.12 
3696 | 09 16 28.2 | —57 34 53 4.34 | +1.98 
t Car 3699 | 09 17 20.7 | —59 1855 2.25 | +0.16 
38 Lyn 3690 | 09 19 26.0 | +36 45 43 | d67 3.82 | +0.06 
40 a Lyn 3705 | 09 21 37.9 | +34 21 07 3.13 | +1.94 
@ Pyx 3718 | 09 21 54.9 | —26 00 22 4.72 | +2.02 
Kk Vel 3734 | 09 22 24.5] —55 0305 | 6 2.50 | —0.75 
1 kK Leo 3731 | 0925 12.4) +2608 27 | d7 4.46| +1.31 
30 a Hya | 3748 | 09 2803.3] —08 4201 |d 1.98} +1.72 
e Ant 3765 =| 09 29 38.3 | —35 59 36 | 6 4.51} +1.68 
w Vel 3786 | 09 31 04.5 | —40 3031 | d7 3.60 | —0.03 
3803 | 09 31 30.7 | —57 04 35 3.13 | +1.89 
3821 | 0931 40.2 | —73 07 23 5.47 | +1.75 
4 A Leo 3773 =| 09: 32 15.7 | +22 55 32 4.31 | +1.89 


Spectral Type 
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BRIGHT STARS, J2009.5 


H14 

Flamsteed/Bayer | BS=HR Right 

Designation No. _| Ascension 
h m s 

23 UMa} 3757 | 09 32 16.1 
5 —€ Leo | 3782 | 0932274 
R Car 3816 | 09 32 28.9 
MS: @ UMa| 3775 | 09 33 29.3 
3808 | 09 33 38.7 
3825 | 09 34 43.2 
10 SU LMi | 3800 | 09 34 48.1 
24 DK UMa} 3771 | 0935 18.4 
26 UMa| 3799 | 09 35 28.2 
3836 | 09 37 10.0 
3751 ||09'38 22:7 
3834 | 09 38 57.0 
35 t Hya | 3845 | 09 40 20.5 
38 « Hya | 3849 | 09 4045.7 
14 o Leo |} 3852 | 0941 39.4 
16 w Leo | 3866 | 09 44 14.9 
6 Ant 3871 | 09 44 37.5 
A Car 3884 | 09 45 30.5 
17 e Leo 3873 | 09 46 23.3 
wi Car 3890 | 09 47 20.4 
R Leo | 3882 | 09 48 04.1 
3881 | 0949 11.9 
29 vu UMa! 3888 | 09 51 39.5 
39 uv! Hya | 3903 | 0951 56.1 
24 pL Leo 3905 | 09 53 18.1 
3923 | 0955 19.1 
go Vel 3940 | 09 57 11.8 
19 LMi | 3928 | 09 58 15.8 
n Ant 3947 | 09 59 16.8 
29 mz Leo | 3950 | 1000 42.9 
20 LMi | 3951 | 1001 33.4 
40 v* Hya | 3970 | 1005 35.2 
30 n LeoWe S9758 lO OF SAF 
Pik LMi | 3974 | 1007 59.2 
31 Leo | 3980 | 1008 24.5 
15 a Sex 3981 | 1008 25.4 
32 a Leo | 3982 | 1008 52.6 
41 A Hya | 3994 | 1011 03.1 
@ Car 4037 | 10 1357.7 
4023 | 1015 08.2 
36 € Leo je40314 11047 13:0. 
v337 Car 4050 | 1017 24.1 
38 A UMa}] 4033 | 1017 40.0 
22) € Sex 4042 | 10 18 06.1 
AG Ant 4049 | 10 18 33.8 
4] y! Leo | 4057 | 10 2029.7 
4080 | 1022 44.1 
34 fe UMa} 4069 | 1022 53.5 
4086 | 1023 54.3 
4102 | 1024 34.9 


Declination | Notes B-V 
+63 0111 |d 3.67 | +0.10 | +0.33 
+11 15 26 4.97 | +0.86} +1.05 
—62 49 52 | vd 4—10]} +0.23 | +1.43 
+51 3801 | d6 3.17} +0.02 | +0.46 
—21 09 29 5.01 | +0.87 | +1.02 
—59 16 20 4.08 | —0.56 | +0.01 
+36 21 18 4.55 | +0.62 | +0.92 
+69 47 16 4.56 | +0.34 | +0.77 
+52 00 31 4.50 | +0.04 | +0.01 
—49 2352 |d 4.35 | +0.13 | +0.17 
+81 1700 4.29 | +1.72 | +1.48 
+04 36 22 4.68 | +1.46 | +1.32 
—01 1111 3.91 | +1.46| +1.32 
—14 22 33 5.06 | —0.57 | —0.15 
+09 5055 | cd6 3.52} +0.21] +0.49 
+1358 40 |d 5.35 | +1.95 | +1.63 
—27 48 48 | cd7 4.79 | +0.35 | +0.51 
—62 3307 | v 3.69 | +0.85 | +1.22 
+23 43 48 2.98 | +0.47 | +0.80 
—65 0658 | d 3.01 | +0.13 | +0.27 
+11 2304 |v 4—11} —0.20} +1.30 
+45 58 35 5.09 | +0.10 | +0.62 
+58 59 37 | vd 3.80] +0.18 | +0.28 
—14 53 29 4.12 | +0.65 | +0.92 
+25 57 43 |s 3.88 | +1.39 | +1.22 
—1903 17 | 6 4.94 | +1.93 | +1.57 
—54 3648 | d 3.54] —0.62 | —0.08 
+41 00 36 | 6 5.14! 0.00] +0.46 
—35 5612 |d 5.23 | +0.08 | +0.31 
+07 59 54 4.70 | +1.93 | +1.60 
+3152 36 5.36 | +0.27 | +0.66 
—13 0640 | 6 4.60 | —0.27 | —0.09 
+16 42 58 | asd 3.52 | —0.21 | —0.03 
+35 1153 4.48 | +0.08 | +0.18 
+09 5702 |d 4.37} +1.75 | +1.45 
—00 25 06 4.49 | —0.07 | —0.04 
+1155 14 | d6 1.35 | —0.36} —0.11 
—122405 | d6 3.61 | +0.92} +1.01 
—70 05 07 3.32 | —0.33 | —0.08 
—42 1009 |6 3.85 | +0.06 | +0.05 
+23 2211 | das6 3.44] +0.20] +0.31 
—61 2248 |d 3.40} +1.72| +1.54 
+42 5200 | s 3.45 | +0.06 | +0.03 
—08 07 00 5.24} +0.13 | +0.31 
—29 02 23 5.34 +0.24 
+19 4735 | d6 2.61 | +1.00] +1.15 
—41 41 53 4.83 | +1.08 | +1.12 
+41 2705 | 6 3.05 | +1.89] +1.59 
—38 03 30 Shai) +0.25 
—74 0448 | 6 4.00 | —0.01 | +0.35 


Spectral Type 


FOIV 
G9.5 Il 
gMSe 

F6 IV 
KO Il 


BS I 

G7.5 III Fe—0.5 
G5 IlI—IV 

Al Va 

AS IV—V 


K3 Ila 

K3 Il 

K2.5 Ill 

BS V 

BS AS? 


M24* IIlab 

F7 II-III + A8 V 
F9=G5 Ib 

G1 

A6 II 


gM7e 
G0.5 Va 
FOIV 
G8.5 Ila 
K2 IN CN 1Ca1 


KS Il 

BS Ib 

Rey Y/ 

Fl I-IV 
M2" Iilab 


G3 Va Hé 1 

B8 V 

AO Ib 

ATV 

K3.5 Ib Fe—1: 


AO III 

B7 Vn 

KO tii CN 0.5 
B8 In 

A2 Va 


FO Il 
K2.5 II 
ALIV 

Fl IV- 
AOp Ib—I 


K1~ IIb Fe—0.5 
K1 Il 

MO Il 

A8 V 

F2 V 


BRIGHT STARS, J2009.5 


Flamsteed/Bayer Right ce 
Designation IN Gepcion Declination | Notes V U—B | B—-V Spectral Type 
ih Ss eo or wf 
10 24 48.3 | +65 3105 | 6 4.97 | —0.13} —0.06| A0Op Hg 
42 fe Hya 10 26 33.0 | —16 53 06 3.81 | +1.82} +1.48} K4* If 
a Ant 10 27 35.2 | —31 0659 | 6 4.25] +1.63| +1.45]) K4.5 I 
10 28 13.8 | —58 47 17 3.82 | +0.24 |} +0.31} FO Tb 
31 B LMi | 4100 | 10 28 25.8) +36 39 30 | d67 4.21} +0.64} +0.90) G9 Ilab 
29 Sex 4116 | 10 2957.6 | —02 47 17 5.21 | —0.12| —0.06] B9.5 V 
36 UMa) 4112 | 1031 13.7| +5555 53 |d 4.83 | —0.01} +0.52| F8V 
4084 | 1032 09.9 | +82 30 35 5.26 | —0.05 | +0.37| F4V 
PP ‘Gar 4140 | 1032 21.8} —61 44 04 3.32 | —0.72 | —0.09| B4 Vne 
46 Leo | 4127 | 1032 42.1) +1405 18 5.46 | +2.04| +1.68| M1 IIIb 
47 p Leo | 4133 | 1033 18.6} +09 15 27 | vd6 3.85 | —0.96}| —0.14| B1 Iab 
4143 | 1033 21.0 | —47 03 09 | d7 5.02 | +0.59 | +1.04} K1/2 Ill 
44 Hya | 4145 | 1034 28.0) —23 4740 | d 5.08 | +1.82| +1.60} KS Il 
y Cha | 4174 | 1035 34.5 | —78 39 26 4.11] +1.95] +1.58} MO III 
37 UMa} 4141 | 1035 46.0} +57 02 00 5.16} —0.02 | +0.34} F1V 
4126 | 1035 52.5 | +75 39 49 4.84 | +0.72| +0.96| G8 III 
4159 | 1035 57.3 | —57 3625 | 6 4.45} +1.79| +1.62| KSI 
4167 | 1037 42.2 | —48 16 30 | d67 3.84 | +0.07} +0.30} FOm 
37 LMi | 4166 | 1039 15.2} +3155 36 4.71 | +0.54] +0.81} G2.5 a 
4180 | 1039 41.2] —55 3910 |d 4.28 | +0.75} +1.04; G20 
6 Car 4199 | 1043 17.9} —64 2640 | 6 2.76} —1.01] —0.22| BO.S Vp 
4181 | 1043 44.1 | +69 01 34 5.00} +1.54} +1.38) K3 II 
41 LMi | 4192 | 10 4355.9] +23 08 18 5.08 | +0.05 | +0.04} A2IV 
4191 | 1044 06.2 | +46 09 13 | d6 5.18) +0.01] +0.33} F5 UI 
6? Cha | 4234 | 1045 51.8] —8035 25 4.45 | —0.70| —0.19| B2.51V 
42 LMi | 4203 | 10 46 23.5 | +303755 | d6 5.24] —0.14| —0.06} Al Vn 
51 Leo | 4208 | 10 4655.2] +18 50 28 5.50] +1.15 | +1.13] gK3 
pw Vel 4216 | 1047 10.8} —49 28 14 | cd67 2.69 | +0.57) +0.90} G5 II + F8: V 
53 Leo | 4227 | 104945.4|+102941 | 6 5.34] +0.02| +0.03} A2V 
v Hya | 4232 | 105005.6| —16 14 37 3.11] +1.30] +1.25} K1.5 IIb H5—0.5 
46 LMi | 4247 | 1053 50.5] +34 09 48 3.83 | +0.91} +1.04| KOt I-IV 
4257 | 1053 53.0} —58 54 14 | d6 3.78 | +0.65 | +0.95| KO Ib 
54 Leo | 4259 | 105607.6| +24 4156 | cd 4.50] +0.01} +0.01} Al UIn+ Al TVn 
t Ant | 4273 | 1057 09.7} —37 1120 4.60} +0.84] +1.03] KO II 
47 UMa| 4277 | 1059 59.7 | +40 22 46 5.05 | +0.13 | +0.61} GI~ V Fe—0.5 
7 on Crt 4287 | 1100 14.3 | —18 2058 4.08} +1.00] +1.09| KO* Ill 
4293 | 11 00 35.5 | —42 16 37 4.39} +0.12}+0.11) A3IV 
58 Leo | 4291 | 1101 03.1} +03 3359 | d 4.84] +1.12} +1.16] KO.5 If] Fe—0.5 
48 B UMa} 4295 | 11 0224.5] +56 1953 | 6 2.37| +0.01 | —0.02} AOm Al IV—V 
60 Leo | 4300 | 11 0250.1) +2007 43 4.42} +0.05 | +0.05} A0.5m A3 V 
50 a UMa} 4301 | 1104184) +61 4159 | d6 1.80} +0.90] +1.07} KO” Hla 
63 x Leo |} 4310 | 1105 30.4} +07 1704 | d7 4.63 | +0.08 | +0.33) FIIV 
x! Hya | 4314 | 1105 47.4] —27 2042 | d7 4.94} +0.04 | +0.36| F3 IV 
v382 Car 4337 | 11 0859.9} —59 01 36 | c6 3.91} +0.94| +1.23} G40-—Ia 
52 w UMa| 4335 | 11 1011.7} +44 26 48 3.01} +1.11) 41.14} K1 I 
11 Cte 4343 | 11 1207.6} —22 5240 | 6 4.48 | +0.06} +0.03} A2TIV 
4350 | 11 1259.2} —4909 10 | 6 5.36 +0.18| A3IV/V 
68 6 Leo | 4357 | 11 1436.7 | +2028 18 |d 2.56} +0.12] +0.12| A4IV 
70 9 Leo | 4359 | 11 1444.3} +15 22 39 3.34} +0.06| —0.01} A2 IV (Kvar) 
74 o Leo | 4368 | 11 1708.7} —03 4213 |d 4.47| +0.14] +0.21} A7Vtn 


H15 


H16 BRIGHT STARS, J2009.5 
Se 
Plas Bover a on Petnatn| Notes V U—B | B-V Spectral Type 
Designation No. Ascension 
hi .m. §s Ce ie Ha 
SV Crt 4369 | 1117 27.1) —07 1112 | sd67 6.14} +0.15} +0.20| A8p Sr Cr 
54 v UMa} 4377 | 11 1859.4} +33 02 32 | d6 3.48 | +1.55| +1.40); K3° II 
55 UMa; 4380 | 11 1938.8] +38 0800 | d6 4.78 | +0.03} +0.12} Al Va 
1) 5 Crt 4382 | 11 1949.0} —1449 48 | 6 3.56| +0.97} +1.12| G9 IIb CH 0.2 
Cen | 4390 | 1121 26.6) —54 32 35 | d7 3.89 | —0.59} —0.15] B5 Vn 
77 o Leo | 4386 | 11 21 37.6} +05 58 38 | 6 4.05 | —0.12] —0.06| AO III* 
78 t Leo | 4399 | 11 2425.1) +1028 37 | d67 3.94} +0.07| +0.41| F21V 
15 y Crt 4405 | 1125 21.5) —174411 |d 4.08 | +0.11] +0.21} A7V 
84 t Leo | 4418 | 11 2825.6) +02 48 14 | d 4.95 | +0.79 | +1.00} G7.5 Ila 
1 A Dra 4434 | 113157.5| +69 16 43 3.84 | +1.97] +1.62| MOI Ca—1 
€ Hya | 4450 | 1133 28.3) —315437 |d 3.54 | +0.71 | +0.94| G7 II 
XA Cen | 4467 | 11 3613.4] —630421 |d 3.13 | —0.17} —0.04| B9.5 In 
4466 | 1136 23.4) —47 41 40 5.25 | +0.12 | +0.25} A7m 
21 6 Crt 4468 | 113709.9} —09 5117 | 6 4.70} —0.18| —0.08} B9.5 Vn 
91 v Leo | 4471 | 1137 26.1] —00 52 35 4.30 | +0.75| +1.00} G8* Ifb 
o Hya | 4494 | 11 4041.2 | —34 4750 4.70 | —0.22| —0.07| B9V 
61 UMa| 4496 | 11 41 32.9| +3408 53 | das 5.33 | +0.25| +0.72| G8 V 
Dra 4504 | 11 4259.7| +66 41 32 5.30) +1.24| +1.28) K3 I 
v810 Cen | 4511 | 11 4358.7] —62 3232 | s 5.03 | +0.35 | +0.80] GO 0O-—Ia Fe 1 
Pai 6 iu 4514 | 11 45 14.7) —18 2413 |d 4.73 | +0.74| +0.97} G8 Ila 
A Mus | 4520 | 11 4603.6) —66 4653 | d 3.64] +0.15} +0.16) A7IV 
3 v Vir 4517 | 11 46 20.8 | +06 28 34 4.03} +1.79} +1.51} MII 
63 x UMa} 4518 | 11 4632.9} +47 43 36 3.71 | +1.16}] +1.18] KO.5 IIIb 
4522 | 114658.7| —61 1352 |d 4.11] +0.58} +0.90} G3 II 
93 DQ Leo | 4527 | 11 48 28.5} +2009 58 | cd6 4.53 | +0.28} +0.55} G4 I-IV + A7 V 
Il Hya | 4532 | 1149 14.0] —26 48 09 5.11] +1.67| +1.60] M4* Il 
94 B Leo | 4534 | 11 4932.6] +14 3108 |d 2.14] +0.07] +0.09| A3 Va 
4537 | 11 5009.1 | —63 50 29 4.32 | —0.59| —0.15| B3 V 
5 B Vir 4540 | 1151 11.4} +01 4240 |d 3.61) +0.11} +0.55| F9V 
4546 | 1151 37.4] —45 13 35 4.46) +1.46] +1.30} K3 I 
B Hya | 4552 | 1153 23.4) —33 57 40 | vd7 4.28 | —0.33} —0.10} Ap Si 
64 y UMa| 4554 | 1154 19.6] +53 3831 | a6 2.44} +0.02} 0.00] AO Van 
95 Leo | 4564 | 115609.8) +15 35 38 | d6 5.53} +0.12) +0.11] A3V 
30 if) WCsiti 4567 | 1156 30.1 | —17 12 13 5.18] 0.00} —0.02] AO Va 
8 ue NAib 4589 | 1201 21.6] +06 3341 | 6 4.66} +0.11) +0.13} ASIV 
6' Cru 4599 | 1203 30.9) —63 2157 | d6 4.33 | +0.04} +0.27} A8m 
4600 | 12 0409.3 | —42 29 14 5.15 | —0.03 | +0.41| F6V 
9 Vir 4608 | 1205 41.6] +08 4049 | s 4.12] +0.63 | +0.98|} G8 Ila CN—1 Ba 1 CH 1 
n Cru 4616 | 1207 23.0| —64 4000 | dé 4.15 | +0.03] +0.34} F2 Vt 
4618 | 1208 35.0] —50 4251 |v 4.47} —0.67| —0.15| B2 IIIne 
56 Cen | 4621 12 08 51.2 | —50 46 31 | d 2.60 | —0.90} —0.12| B2IVne 
1 a Crv 4623 | 12 0854.3 | —24 4655 4.02 | —0.02 | +0.32} FOIV—V 
2 e Cry 4630 | 12 1036.9] —22 40 21 3.00 | +1.47] +1.33] K2.5 Ila 
p Cen |} 4638 | 12 1209.1} —52 25 17 3.96 | —0.62] —0.15] B3V 
4646 | 12 12 38.1] +77 3349 | v6 5.14} +0.10} +0.33| F2m 
5 Cru 4656 | 12 15 39.3) —58 48 06 2.80 | —0.91} —0.23| B2IV 
69 56 UMa} 4660 | 12 1553.6} +5658 48 | d 3.31} +0.07) +0.08} A2 Van 
4 y Crv 4662 | 12 1617.8] —173541 | 6 2.59 | —0.34] —0.11} B8p Hg Mn 
€ Mus | 4671 12 18 05.5 | —68 00 49 | 6 4.11) +1.55]+1.58| M5 Il 
B Cha | 4674 | 12 1855.4] —79 21 54 4.26| —0.51] —0.12} BS Vn 


BRIGHT STARS, J2009.5 


H17 


= ray fae 
eae Snag ae a (ee Declination | Notes V U-B | B-V Spectral Type 
bh m s Om iy 
¢ Cru 4679 | 12 1857.5] —6403 21 |d 4.04 | —0.69| —0.17} B2.5 V 
3 CVn | 4690 | 12 20 16.6} +48 55 53 5.29 | +1.97| +1.66} MI1* Ilab 
15 n Vir 4689 | 12 20 23.5] —00 43 10 | d6 3.89 | +0.06 | +0.02} Al IVt 
16 Vir 4695 | 12 20 49.9} +03 1535 |d 4.96| +1.15] +1.16] KO.5 IIb Fe—0.5 
e Cru 4700 | 12 2152.7] —60 27 13 3.59] +1.63] +1.42} K3 III 
12 Com | 4707 | 12 2258.9} +25 47 37 | cd6 4.81} +0.26} +0.49|} G5 III + A5 
6 CVn | 4728 | 12 2618.9} +38 5758 5.02 | +0.73 | +0.96} G9 HI 
a! Cru 4730 | 12 2708.0] —63 09 06 | cd6 1.33] —1.03] —0.24| BO.SIV 
15 y Com] 47387 ~ | 12:27 24:6 || 4-28 12°57 4.36} +1.15] +1.13] K1 II Fe 0.5 
o, Gen 4743 | 12 28 33.4] —50 16 59 3.91] —0.78| —0.19| B2V 
4748 | 12 2852.9) —39 05 37 5.44 —0.08} B8/9 V 
Wf 6 Crv 4757 | 12 3021.4] —16 3406 | d7 2.95 | —0.08} —0.05| B9.51IV~n 
74 UMa| 4760 | 12 30 23.7} +58 21 13 5.35 | +0.14| +0.20| 5 Del 
y Cru 4763 | 12 3141.9) —570959 |d 1.63} +1.78] +1.59} M3.5 Il 
8 n Crv 4775 | 12 32 33.7] —16 1455 | 6 4.31} +0.01} +0.38| F2V 
y Mus | 4773 | 1233 02.7| —72 1107 3.87 | —0.62| —0.15| BS V 
5 « Dra 4787 | 1233 53.0] +69 4409 | v6 3.87 | —0.57| —0.13] B6 Ilpe 
4783 | 12 34 06.9 | +33 11 43 5.42 | +0.83 | +1.00] KO III CN-1 
8 B CVn} 4785 | 1234 11.5] +41 1821 | ads6 4.26 | +0.05 | +0.59| GOV 
9 Ba Gry, 4786 | 12 3453.3 | —23 2657 2.65 | +0.60} +0.89| GS IIb 
we Com | 4789 | 1235 19.4| +22 34 37 | d6 4.81} —0.01} 0.00] AOm Al IV 
24 Com | 4792 | 1235 36.3] +18 1930 |d 5.02 EL UT Fes) K2 00 
a Mus | 4798 | 123745.6| —69 1116 |d 2.69 | —0.83 | —0.20| B2IV—V 
t ‘Gen 4802 | 12 38 13.6) —48 35 37 3.86 | +0.03 | +0.05} Al TVnn 
26 Be White 4813 | 1239 44.2) —08 0252 | d 4.66} +1.39] +1.23| K2 ICN 1.5 
wy CE 4819 | 12 42 02.7) —49 00 43 | d67 2.17} —0.01} —0.01} A1IV 
29 yu hte 4825 | 12 4208.5} —01 3005 | ocd6 3.48 | —0.03 | +0.36] F1V 
29 2 Wit 4826 | 12 4208.5] —01 3004 | ocd 3.50] —0.03 | +0.36} FOm F2 V 
30 p Vir 4828 | 1242 21.9} +101100 | 6 4.88 | +0.03 | +0.09| AO Va(A Boo) 
4839 | 12 4431.0} —28 22 33 5.48 | +1.50} +1.34|) K3 UI 
Y CVn! 4846 | 12 45 34.5] +45 23 18 4.99 | +6.33 | +2.54] C5,5 
32 FM Vir 4847 | 12 4605.9] +07 37 17 | 6 5.22} +0.15 | +0.33; F2m 
B Mus | 4844 | 12 4652.3 | —68 09 36 | cd7 3.05 | —0.74} —0.18} B2V+B2.5 V 
B (Cp 4853 | 1248 16.9] —59 44 26 | vd6 1.25} —1.00} —0.23} BO.5 II 
4874 | 1251 12.2} —340303 |d 4.91} —0.11} —0.04} AOIV 
3a Com | 4883 12 52 09.6 | +27 29 21 |s 4.94 | +0.20 | +0.67] GO Ip 
4888 | 1253 39.4] —485941 | 6 4.33 | +1.58] +1.37] K3/4 II 
4889 | 1253 58.0} —40 13 49 4.27} +0.12| +0.21| A7V 
Wg, e UMa| 4905 12 54 26.7 | +55 54 30 | dv6 1.77 | +0.02 | —0.02} A0Op Cr 
40 yw Vir 4902 | 1254 50.9} —09 35 26 4.79| +1.53] +1.60| M3” Ill Ca—1 
jue (Cha 4898 | 125509.5| —57 13 46 |d 4.03 | —0.76| —0.17| B2IV—V 
8 Dra 4916 | 1255 51.1} +65 23 13 | v 5.24| +0.02) +0.28) FOIV—V 
t Oct 4870 | 1256 04.4) —85 1029 |d 5.46 | +0.79 | +1.02]) KO III 
43 6 Vir 4910 | 125604.9} +03 20 46 | d 3.38 | +1.78 | +1.58| M3* Ill 
12 a? CVn | 4915 | 1256 28.3} +38 1602 | vd 2.90 | —0.32 | —0.12] AOp Si Eu 
78 UMa} 4931 13 01 08.0 | +56 1855 | asd7 4.93) +0.01} +0.36| F2V 
47 e Vir 4932 | 13 02 39.0} +10 54 30 | asd 2.83 | +0.73 | +0.94] G8 Ilab 
Mus | 4923 | 13 0256.3) —71 3559 | 6 3.62 | +1.26} +1.18] K2 10 
14 CVn | 4943 | 13 06 11.0] +35 44 54 5.25 | —0.20} —0.08| B9 V 
&? Cen 4942 | 1307 28.2 | —495725 | d6 4.27 | —0.79| —0.19} B15 V 


H18 

Flamsteed/Bayer | BS=HR 

Designation No. 

Sil 6 Vir 4963 

43 B Com} 4983 

n Mus | 4993 

5006 

20 AO CVn | 5017 

60 on Whi 5015 

61 Vir 5019 

46 y Hya | 5020 

t Cen 5028 

5035 

79 ¢ UMa} 5054 

80 UMa! 5062 

67 a Vir 5056 

68 Vir 5064 

5085 

70 Vir 5072 

5089 

78 CW Vir 5105 

719 fe \Yire 5107 

BH CVn | 5110 

5139 

e Cen S32 

v/44 Cen 5134 

82 Vir 5150 

1 Cen 5168 

4 t Boo | 5185 

v766 Cen 5171 

85 n UMa} 5191 

5) v Boo | 5200 

2 v806 Cen 5192 

v Cen 5190 

pa @en 5193 

89 Vir 5196 

10 CU Dra 5226 

8 n Boo | 5235 

(Gen 5231 

5241 

od Cen 5248 

47 Hya | 5250 

v' Cen | 5249 

93 ta Vit 5264 

v? Cen | 5260 

5270 

B Cen 5267 

11 a Dra 5291 

6 Aps | 5261 

Va Gen 5285 

49 we ya |) 5287 

5 6 Cen | 5288 

BY Boo | 5299 


BRIGHT STARS, J2009.5 


Right 
Ascension 


Spectral Type 


hm s 


13 10 26.6 
13M 219:0 
13 15 54.2 
13 17 24.9 
13 17 58.0 


13 18 05.1 
13 18 54.2 
13 19 26.4 
13 21 08.0 
18323) 1552 


13 24 18.4 
13 25 36.3 
13 25 41.7 
13 27 13.4 
13 28 47.9 


13 28 53.7 
LS SPS 59 
13 34 36.8 
13 35 10.7 
1365132 


13 37 24.8 
13 40 29.7 
13 40 35.3 
13 42 06.8 
13 46 13.8 


13 47 42.8 
13 47 51.1 
13 47 54.9 
13 49 56.1 
13 49 59.9 


13 50 04.7 
1S SOLS 
13 50 23.4 
13 51 42.6 
13 55 08.2 


13 56 08.2 
13 58 20.7 
13 5851.1 
13 59 03.3 
13.59 16.2 


14 02 07.8 
14.02 19.3 
14 02 59.8 
14 04 30.1 
14 04 38.8 


14 06 17.1 
14 06 37.8 
14 06 54.9 
14 07 14.7 
14 08 18.5 


Pa? 


=05) 35122 
+27 49 49 
—67 56 41 
=31)33)22 
+40 31 22 


F051 25/12 
=18) 2150 
23) ISH, 
—36 45 44 
—61 02 16 


+54 52 33 
+54 56 19 
1112.38 
=I2AS25 
+59 53 49 


+13 43 42 
SO ea] 
+03 36 38 
—00 38 39 
+37 08 02 


SH EIE39 
=e) 6\l) sy2 
—49 59 52 
—08 45 02 
=33'05)29 


+17 24 36 
—62 38 13 
+49 15 58 
+15 45 04 
—34 29 52 


—41 4405 
ae el eo) 
—18 1052 
+64 40 35 
+18 21 01 


—47 20 05 
—63 43 58 
—42 08 48 
—25 01 06 
—44 50 58 


+01 29 56 
—45 38 57 
+09 38 26 
—60 25 06 
+64 19 50 


—76 50 31 
—41 13 29 
—26 43 40 
—36 24 59 
+43 48 34 


SV 


ALIV 

F9.5 V 

B7 V 

KOI 

F2 II (str. met.) 


M1 III 

G6.5 V 
G8 Ila 
A2 Va 

B3 V 


Al Vat (Si) 
AS Vn 
BIV 

MO II 

Al Vn 


G4V 

G8 Il 
Alp Cr Eu 
A2 IV- 
FIGVs 


gK2 
B1 Ill 
Mo III 
M1.5 Il 
2a 


F7V 
KO 0—Ia 
B3 V 
K5.5 I 
M4.5 II 


B2IV 

B2 IV—Vpne (shell) 
KO.5 Il 

M3.5 Ul 

GO IV 


B2.5 1V 
K1.5 Il 
B21V 

B8 V 
B2IV—V 


A3 IV 

F6 Il 

G8: II: Fe—5 
B1 IU 

AO II 


M6.5 III: 

B2V 

K2 I Fe—0.5 
KO" Ib 

M4.5 UI 


BRIGHT STARS, J2009.5 


Right 
Ascension 


Flamsteed/Bayer 
Designation 
4 UMi 
12 Boo 
98 k Vir 
16 a Boo 
22) t Boo 
99 t Vir 
19 i Boo 
100 A Vir 
18 Boo 
ct Lup 
w Cen 
v761 Cen 
23 8 Boo 
Toeup 
t> Lup 
22 Boo 
5 UMi 
5 Oct 
105 od Vir 
52 Hya 
25 p Boo 
Dh y Boo 
o Lup 
28 o Boo 
n Cen 
p Lup 
33 Boo 
a? Cen 
a! Cen 
30 ¢ Boo 
a Lup 
a Cir 
107 pw Vir 
34 W Boo 
36 € Boo 
109 Vir 
56 Hya 
a Aps 
7 B UMi 
58 Hya 
8 a! Lib 
9 a? Lib 


5321 
5304 
SiII5) 
5340 
5350 


5338 
S301 
5361 
5359 
5365 


5354 
5358 
5367 
5378 
5392 


5390 
5404 
5395 
5396 
5405 


5430 
5339 
5409 
5407 
5429 


5435 
5425 
5447 
5440 
5453 


5468 
5460 
5459 
5478 
5471 


5469 
5463 
5487 
5490 
5485 


5506 
5511 
5495 
5516 
5470 


5563 
5526 
5530 
5531 
Spey 


14 10 49.9 
14 13 24.2 
14 16 05.7 
14 16 30.1 


14 16 30.8 
14 16 44.7 
14 18 23.9 
14 19 37.5 
14 19 43.9 


14 20 01.0 
14 20 59.8 
14 21 08.3 
14 23 37.6 
14 24 39.7 


14 25 21.3 
14 25 31.2 
14 26 45.1 
14 26 47.7 
14 26 53.9 


14 27 30.9 
14 28 32.9 
14 28 41.6 
14 28 44.0 
14 32 14.4 


14 32 27.6 
14 33 15.8 
14 35 05.6 
14 36 06.8 
14 38 31.9 


14 39 11.4 
14 40 14.5 
14 40 15.4 
14 41 36.2 
14 42 33.2 


14 42 33.9 
14 43 17.1 
14 43 33.7 
14 43 50.4 
14 44 14.5 


14 45 24.1 
14 46 43.8 
14 47 41.5 
14 48 18.2 
14 49 05.0 


14 50 41.2 
14 50 50.9 
1451 12.8 
14 51 24.3 
14 51 41.0 


H19 


Destination Notes V 


h m s eo vf 
14 08 49.5 | +77 30 10 


U-—B | B-V Spectral Type 
d6 4.82) +1.39| +1.36]| K3~ IIIb Fe—0.5 
+25 02 49 | d6 4.83 | +0.07| +0.54] F8IV 
—10 19 03 4.19} +1.47] +1.33] K2.5 If Fe—0.5 
+1908 00 | d —0.04 | +1.27) +1.23| K1.5 Il Fe—0.5 
Soul: td 4.75 | +0.06| +0.20) A7IV 
—06 02 44 4.08 | +0.04| +0.52} F7 HI-IV 
+46 02 42 4.18} +0.05 | +0.08} AO Va (A Boo) 
ese) 2 as 4.81} +0.92) +1.06| KOI 
—13 2452 | 6 4.52 | +0.12] +0.13] A5m: 
SATAY! {I cal 5.41 | —0.03 | +0.38] F3 V 
—46 06 05 3.55 | —0.72 | —0.18} B2.51Vn 
—56 25 47 4.33 | —0.43| +0.12| B6 Ib 
—3755 43 |d 4.05 | —-0.11 | —0.03} AOI 
=39/33 17 |v 4.42] —0.75| —0.18} B7 Ip (var) 
+05 46 39 | 6 5.10} +0.10) +0.12} ASV 
—24 50 56 5.32 | +0.71 | +0.96] KO II 
+5148 26 |d 4.05 | +0.01| +0.50| F7V 
—45 1550 | vd 4.56 | —0.79| —0.15| B2IV 
—45 25 18 | cd67 4.35 | +0.19| +0.43| F4IV + A7: 
+19 11 04 5.39)|/+-0:23)/=-0.23| FOm 
+75 39 14 | d 4.25] +1.70| +1.44| K4 II 
—83 42 37 4.32} +145] 41.31] K2 UI 
—02 16 12 | sd67 4.81) +0.21] +0.70) G2IV 
—29 3202 |d 4.97} —0.41 | —0.07| B&IV 
+3019 48 | ad 3.58 | +1.44| +1.30] K3 I 
+38 1601 |d 3.03 | +0.12} +0.19} A7IV* 
—50 29 55 4.42 | —0.84| —0.19) B2 III 
+29 4215 |d 4.46 | —0.08| +0.36| F2V 
—42 1157 | v7 2.31) —0.83 | —0.19| B1.5 IVpne (shell) 
—49 28 00 4.05 | —0.56] —0.15] BS V 
+44 2150 | 6 5.39] —0.04} 0.00} Al V 
—60 52 28 | od 1.33 | +0.68 | +0.88} K1V 
—60 5225 | 0d6 | —0.01) +0.24} +0.71) G2V 
+13 4117 | od6 4.52) +0.05} +0.05| A2 Va 
—37 50 02 4.00 | —0.70| —0.17| B3V 
—47 25 42 | vd6 2.30] —0.89} —0.20] B1.5 II 
—65 0057 | d6 3.19) +0.12} +0.24] A7p Sr Eu 
—05 4157 | 6 3.88 | —0.02| +0.38} F2V 
+26 29 16 | v 4.81} +1.94| +1.66| M3" Il 
=—35 1251 4.05 | +1.53} +1.35| K3 IIb 
+27 02 04 | d 2.70 | +0.73 | +0.97} KO Il—Wl 
+01 51 12 3.72 | —0.03 | —0.01}| AOTVnn 
—52 25.23 | d 5.21 +0.98| G8 III 
—26 07 37 5.24 | +0.65 | +0.94| G8/KO III 
—79 05 02 3.83 | +1.68] +1.43} K3 TIICN0.5 
+74 0700 | d 2.08 | +1.78| +1.47] K4 Ill 
+27 59 58 4.41| +1.49} +1.40) K2.5 Ilb Fe—1: 
—16 02 10 5.15 | —0.03 | +0.41] F3V 
—160451 | d6 2.75 | +0.09 | +0.15) A3 IMI—IV 
+59 15 20 5.46] +1.60} +1.36| K4 III 


H20 BRIGHT STARS, J2009.5 


Flamsteed/Bayer Riaht Declination | Notes V U—B| B-V Spectral Type 
Designation No. | Ascension a 
hm s on fo 
o Lup | 5528 | 1452 15.7| —43 3651 | d67 4.32} —0.61| —0.15} B5SIV 
5558 | 1456 19.9 | —33 53 38 | d6 5.32 +0.04| AO V 
15 & Lib 5564 | 1457 17.1 | —11 2651 5.46 | +1.70| +1.49] gk4 
16 Lib 5570 | 1457 40.8 | —04 23 05 4.49} +0.05 | +0.32} FOIV™ 
RR UMi | 5589 | 1457 44.2} +6553 41 | 6 4.60} +1.59} +1.59} M4.5 Il 
B Lup | 5571 | 145909.5 | —43 10 18 2.68 | —0.87 | —0.22; B2IV 
k Cen | 5576 | 1459 47.0} —42 08 30 | d 3.13 | —0.79| —0.20] B2V 
19 56 Lib 5586 | 15 01 28.9 | —08 33 22 | vd6 4.92} —0.10} 0.00} B95 V 
42 B Boo | 5602 | 1502 18.2] +4021 12 3.50} +0.72] +0.97| G8 IIa Fe—0.5 
110 Vir 5601 | 15 03 22.9} +02 03 16 4.40 | +0.88] +1.04| KO* IIb Fe—0.5 
20 o Lib 5603 | 15 04 37.7 | —25 19 08 3.29 | +1.94] +1.70] M2.5 II 
43 w Boo | 5616 | 15 0451.2} +2654 40 4.54) +1.33).41.24) K211 
5635 | 15 06 33.0 | +54 31 12 5.25 | +0.64 | +0.96} G8 III Fe—1 
45 Boo | 5634 | 15 07 43.1] +244957 | d 4.93 | —0.02| +0.43} FSV 
dh Lup | 5626 | 1509 29.2) —45 1857 | d67 4.05 | —0.68 | —0.18} B3V 
«' Lup | 5646 | 15 12 36.0| —48 46 24 |d 3.87 | —0.13 | —0.05| B9.5 IVnn 
24 t Lib 5652 | 15 12 45.9} —19 49 38 | d6 4.54] —0.35 | —0.08} B9p Si 
¢ Lup | 5649 | 15 1258.3) —520805 | d 3.41 | +0.66) +0.92| G8 III 
5691 | 15 1445.1 | +67 18 39 5.13 | +0.08 | +0.53| F8V 
1 Lup | 5660 | 15 15 12.4] —31 33 14 4.91) +0.28 | +0.37; FO Ib—II 
3 Ser 5675 | 15 15 39.7 | +0454 16 | d 5.33 | +0.91 | +1.09]) gKO 
49 6 Boo | 5681 | 15 1553.2) +33 1647 | d6 3.47} +0.66] +0.95] G8 III Fe—1 
Ai} B Lib 56858) ISLS 2 0925103 6 2.61 | —0.36| —0.11! B8 In 
[ey (Cie 5670 | 15 18 15.9 | —58 50 09 4.07 | +0.09 | +0.09} A3 Vb 
2 Lup | 5686 | 15 18 24.7] —30 10 59 4.34) +1.07| +1.10|] KO- Ila CH—1 
fm Lup | 5683 | 15 19 11.9} —47 54 34 | d7 4.27| —0.37| —0.08} B8& V 
y TrA | 5671 | 15 19 48.6 | —68 42 49 2.89 | —0.02} 0.00} Al II 
13 y UMi| 5735 | 15 2043.2] +71 48 01 3.05 | +0.12| +0.05| A3 II 
5 Lup | 5695 | 15 2159.9 | —40 40 53 3.22 | —0.89 | —0.22| B1.5TVn 
¢' Lup | 5705 | 1522 24.7) —36.1743 | d 3.56 | +1.88 | +1.54] K4 II 
€ Lup | 5708 | 15 23 19.8; —44 43 23 | d67 3.37) —0.75| —0.18| B2TV—V 
@* Lup | 5712 | 1523.45.91} —36 53 31 4.54 | —0.63} —0.15} B4V 
y Cir 5704 | 15 2408.5 | —59 2115 | cd7 4.51) —0.35| +0.19| BSIV 
ail wu! Boo | 5733 | 15 2451.0] +37 2039 | do 4.31} +0.07} +0.31| FOIV 
12 t Dra 5744 | 15 2508.5 | +5855 59 | d 3129) P22 116) K2 
9 t! Ser S/39 EH | 152613,9) 451532342 5.17} +1.95| +1.66} M1 Illa 
3 B CrB | 5747 | 15 28 13.2] +29 04 24 | vd6 3.68 | +0.11] +0.28| FOp Cr Eu 
a2 v' Boo | 5763 | 1531 16.3] +40 48 04 5.02 | +1.90] +1.59} K4.5 IIIb Ba 0.5 
x Aps | 5730+] 1532 34.1 ||—73 2517 | d 5.49 | —0.77| —0.12| Blpne 
4 @ CrB | 5778 | 1533 18.8] +31 1939 |d 4.14} —0.54|} —0.13} B6 Vnn 
37 Lib 5777 | 15 34 41.9 | —10 05 47 4.62} +0.86]} +1.01} Ki II—IV 
5 a CrB | 5793 | 15 3505.4] +26 4059 | 6 2.23 | —0.02| —0.02} AOIV 
13 6 Ser 5789 | 1535 15.4} +10 3027 | cd 4.23] +0.12| +0.26| FO II—IV + FO IIb 
y Lup | 5776 | 1535 46.6} —41 1153 | dv67 2.78 | —0.82} —0.20|} B2IVn 
38 y Lib 5787 | 15 3603.5 | —1449 14 | d 3.91 | +0.74) +1.01} G8.5 III 
5784 | 15 3651.3 | —44 25 41 5.43 | +1.82| +1.50| K4/S Il 
€ “TrA) | 15771 4) 15:37 36.0) —66:20.53 \d 4.11) +1.16) +1.17) K1/2 1 
39 v_ Lib 5794 | 15 37 36.2 |'\—28 09 57 | d 3.58 | +1.58}] +1.38) K3.5 Il 
54 g@ Boo | 5823 | 15 38 10.1] +40 19 22 5.24 | +0.53| +0.88 | G7 III—-IV Fe—2 
om Lup | 5797 | 15 3841.8 | —42 3552 | d6 4.33 | +1.72| +1.42] K4.5 II 


BRIGHT STARS, J2009.5 


H21 


ee i Rech Declination | Notes V U-B Spectral Type 
hm Ss Oo f # 
40 t Lib 5812 | 15 39 14.5} —29 48 30 |6 3.66 | —0.70| —0.17| B2.5 V 
5798 | 15 39 32.1] —52 2412 |d 5.44] 0.00} 0.00} B9V 
43 k Lib 5838 | 15 42 29.7] —19 42 32 | d6 4.74 | +1.95] +1.57] MO- ILlIb 
8 y GB 5849 | 15 43 08.5] +26 1558 | d7 3.84 | —0.04} 0.00} AOTIV comp.? 
16 ¢ UMi|} 5903 | 15 43 44.2| +77 45 54 4.32} +0.05 | +0.04} A2IN—IVn 
24 Qe sen 5854 | 15 4444.2] +06 23 47 |d 2.65 | +1.24| +1.17| K2 Ib CN 1 
28 B ser 5867 | 15 46 37.6] +15 23 33 |d 3.67 | +0.08 | +0.06} A2IV 
5886 | 15 46 48.8 | +62 34 13 5.19 | —0.10} +0.04) A2IV 
OF A Ser 5868 | 15 4654.3] +07 19 26 | 6 4.43} +0.11] +0.60| GO V 
35 Ke, SEG 5879 | 1549 10.1) +18 06 46 4.09 | +1.95| +1.62| MO.5 Ilab 
10 6 CB 5889 | 15 4959.6] +2602 23 | s 4.62 | +0.36] +0.80] G5 III—IV Fe—1 
32, pe Ser 5881 15 50 07.0 | —03 27 31 | d6 3.53 | —0.10} —0.04) AO II 
By) e Ser 5892 | 1551 17.4] +04 26 59 3.71 | +0.11] +0.15} A5Sm 
5 x Lup 5883 | 15 51 33.9] —33 39 19 | 6 3.95 | —0.13 | —0.04| B9p Hg 
11 k CrB 5901 15 51 35.4| +35 37 42 | sd 4.82 | +0.87} +1.00| K1 IVa 
1 x¢ Hen 5914 | 1553 00.3 | +42 25 31 4.62} 0.00} +0.56| F8 V Fe—2 Hd—1 
45 AS Lib 5902 | 15 5353.2] —201141 | 6 5.03 | —0.56} —0.01} B2.5 V 
46 @) IErlo) 5908 | 15 5422.1] —16 45 24 4.15} +0.81 | +1.02] G9 Ib 
B TrA |) 3897» | 15°55.59.3)|—63 27 33 | d 2.85 | +0.05 | +0.29|} FOIV 
41 iy osete 59338 |{USiS693°9)||7-15.3752, || d. 3.85 | —0.03 | +0.48} F6V 
>) p Sco 5928 | 1557 28.4) —29 1428 | d6 3.88 | —0.82} —0.20| B2IV—V 
13} e CrB 5947 | 1557 58.9] +2651 03 | sd 4.15) +1.28| +1.23]| K2 lab 
CL Dra 5960 | 1558 01.0] +54 43 23 | 6 4.95 | +0.05 | +0.26| FOIV 
48 FX Lib 5941 15 58 43.4] —14 1822 | 6 4.88 | —0.20} —0.10| BS II[pe (shell) 
6 Sco 5944 | 1559 25.7] —26 08 27 | cvd6 2.89 | —0.91] —0.19} B1V+B2V 
CrB | 5958 | 15 59 54.0 | +25 53 37 | vd6 2-11] +0.59 | +1.40] gM3: + Bep 
5943 | 1600 09.3 | —41 46 15 4.99 +1.00} KO IV/UI 
n Lup 5948 | 16.00 45.3 | —38 25 23 | d 3.41 | —0.83 | —0.22| B2.51Vn 
49 Lib 5954 | 1600 51.7 | —16 33 39 | d6 5.47 | +0.03 | +0.52| F8 V 
I 5 Sco 5953 | 16.00 53.8 | —22 3853 | d6é 2.32 | —0.91| —0.12| BO.3I1V 
13 @ Dra 5986 | 1602 04.1] +58 32 24 | 6 4.01} +0.10) +0.52) F8IV—V 
8 B' Sco 5984 | 1605 59.5| —194951 | d6 2.62 | —0.87| —0.07| BO.5 V 
8 B* Sco 5985 | 1605 59.8] —19 49 38 | sd 4.92 | —0.70| —0.02| B2V 
5 Nor 5980 | 1607 09.9 | —45 11 53 4.72} +0.15 | +0.23| A7m 
6 Lup 5987 | 1607 13.1 | —36 49 39 4.23 | —0.70} —0.17|} B2.5 Vn 
9 w! Sco 5993 | 1607 21.9) —20 41 39 | s 3.96 | —0.81 | —0.04| B1V 
10 w Sco 5997 | 1607 57.8 | —20 53 38 4.32 | +0.50| +0.84] G4 II-III 
7 « Her 6008 | 1608 30.3] +1701 20 |d 5.00 | +0.61) +0.95} G5 III 
11 o@ Her 6023 16 09 04.2 | +44 54 37 | v6 4.26| —0.28| —0.07| B9p Hg Mn 
16 t CrB 6018 | 1609 19.2) +36 28 02 | d6 4.76| +0.86] +1.01} Ki DI—IV 
19 UMi | 6079 | 16 10 34.0} +75 51 12 5.48 | —0.36| —0.11]} B8& V 
14 Siero) 6027 | 161232.9} —192905 | d6 4.01 | —0.65| +0.04| B2IVp 
« Nor 6024 | 1614 13.9} —543915 |d 4.94| +0.78| +1.04| G8 I 
1 5 Oph | 6056 | 16 1450.7} —03 4305 |d 2.74 | +1.96] +1.58| MoO.5 I 
5 TrA | 6030 | 1616 18.6] —63 4232 |d 3.85 | +0.86| +1.11] G2 Ib—Ila 
2 n UMi}| 6116 | 1617 14.2) +75 4359 |d 4.95 | +0.08 | +0.37} FSV 
2 € Oph | 6075 | 1618 49.5) —04 4254 |d 3.24} +0.75 | +0.96] G9.5 IIb Fe—0.5 
Pp) t Her 6092 | 162001.6} +4617 28 | vd 3.89 | —0.56} —0.15| BSIV 
6077 | 16 2008.9 | —3055 45 | d6 5.49} —0.01 | +0.47| F6 II 
y? Nor 6072 | 16 2033.3} —50 1041 |d 4.02| +1.16] +1.08} K1* III 


H22 


Flamsteed/Bayer 
Designation 
20 o Sco 

6! Aps 
20 wy leteye 
50 o Ser 
14 n Dra 
4 w Oph 
24 @ Her 
7 x Oph 
€ Nor 
15 Dra 
¢ TrA 
21 a Sco 
27 [of Verse 
10 A Oph 
8 o@ Oph 
g @ Oph 
38) on later 
y Aps 
M3) Se) 
13 ¢ Oph 
42 Her 
40 @ Piter, 
44 n Her 
B Aps 
a2 e UMi 
a TrA 
20 Oph 
n Ara 
26 € Sco 
51 Her 
PWSco 
ESCO 
53 Her 
25 t Oph 
G2 ESco 
27 k Oph 
¢ Ara 
CATA 
58 e Her 
30 Oph 
59 Her 
60 Her 
22 ¢ Dra 
3) n Oph 
n Sco 
64 a! Her 


BRIGHT STARS, J2009.5 


Right Baler 
No. Ruscitny Dec inascn 
h m s Sa F 
6084 | 1621 46.1 | —25 36 54 
6020 | 16 21 47.7 | —78 43 05 
6095 16 22 20.4 | +19 07 53 
6093 16 22 33.3 | +01 00 26 
6132 16 24 07.3 | +61 29 34 
6104 | 16 24 39.6 | —20 03 32 
6117 16 25 51.3 | +14 00 43 
6118 16 27 34.5 | —18 28 38 
6115 16 27 53.0 | —47 34 32 
6161 16 27 58.1 | +68 44 51 
6098 16 29 30.1 | —70 06 16 
6134 | 1629 59.5 | —26 27 09 
6148 16 30 37.7 | +21 28 10 
6149 | 1631 23.6} +01 57 49 
6147 16 31 41.1 | —16 3758 
6143 16 32 00.3 | —34 43 27 
6153 16 32 42.1 | —21 29 10 
6168 16 34 24.6 | +42 25 04 
6102 | 1634 56.1 | —78 55 00 
6165 16 36 28.5 | —28 14 06 
6166 | 1637 00.1 | —35 16 27 
6175 16 37 41.0] —10 35 08 
6200 | 16 39 00.4 | +48 54 36 
6212 16 41 38.7 | +31 35 09 
6196 | 16 42 07.4 | —17 45 35 
6220 | 1643 13.3} +38 54 17 
6163 16 44 27.3 | —77 32 08 
6322 | 1645 01.7} +82 01 13 
6237 16 45 28.7 | +56 45 54 
6217 16 49 40.7 | —69 02 38 
6243 16 50 21.6} —10 47 57 
6229 | 1650 36.6 | —59 03 26 
6241 16 50 46.8 | —34 18 35 
6270 | 1652 08.9 | +24 38 28 
6247 16 52 30.9 | —38 03 46 
6252 | 1652 58.8 | —38 01 58 
6279 | 1653 19.7} +31 41 11 
6281 16 54 27.5 | +1009 01 
6271 1655 15.2 | —42 22 36 
6299 16 58 07.1 | +09 21 39 
6285 16 59 24.6 | —56 00 15 
6295 17 00 20.6 | —53 10 27 
6324 | 1700 39.2 | +3054 46 
6318 17 01 33.7 | —04 14 10 
6332 | 1701 57.4| +33 33 18 
6355 17 05 49.1 | +12 43 42 
6396 17 08 49.0 | +65 42 11 
6378 17 1055.4} —15 44 09 
6380 17 12 50.1 | —43 15 03 
6406 | 1715 04.9] +14 22 48 


Spectral Type 


as 


d6 


d67 


Bi iil 
M4 Illa 
A9 Iilbn 
Fl IV—V 
G8 Illab 


ko" H—Il 
B9p Cr 
B1.5 Ve 
B4V 

B9.5 Iii 


F9 V 

M1.5 Iab—Ib 
G7 IIa Fe—0.5 
AlIV 

G8* Ila 


B2 I-IV 
Ap Sr Cr 
AO UIn 
G8/KO III 
BO V 


K7 Ill 

09.5 Vn 

M37 IIlab 

GO IV 

G7.5 II-III CN 1 Ba 0.5 


G7 Ill Fe—1 
KO Ul 
GS Il 
F2 vt 
K2 Ib—Hla 


F7 Il 

K5 Il 

K2 Il 

KO.5 [la Ca 0.5 
B1.5 [Vn 


B2I1V 
F2 V 

B8 V 
K3.5 IIb 
K2 Il 


K4 Il 

K4 Ilab 
AO IVt 
K4 Ul 

A3 IV—Vs 


A4 IV 

Bo Il 

A2 Vat (Sr) 
F2 V:p (Cr) 
MS Ib—II 


BRIGHT STARS, J2009.5 


Flamsteed/Bayer | BS=HR Right ee 

Desithatice No. eetiot Dectination | Notes M [us| Piao h 
h m Ss Gy Ye hig 

67 wa Her. 6418 | 1715 22.7| +36 47 56 3.16} +1.66} +1.44 
65 5 Her 6410 | 1715 25.3] +2449 43 | d6 3.14] +0.08 | +0.08 
v656 Her 6452 | 1720 44.0] +18 02 52 5.00} +2.06} +1.62 
1D Her 6458 | 1721 00.9] +32 2722 |d 5.39 | +0.07 | +0.62 
53 vy Ser 6446 | 1721 21.8) —125121 | d7 4.33 | +0.05 | +0.03 
40 € Oph | 6445 | 1721 34.6| —21 0720 | d7 4.39 | —0.05 | +0.39 
42 @ Oph | 6453 | 1722 35.6) —25 00 30 | dv6 3.27| —0.86} —0.22 
t Aps | 6411 | 17 2309.7} —700755 | d7 5.41 | —0.23 | —0.04 
B Ara 6461 | 17 2605.5 | —55 32 16 2.85 | +1.56 | +1.46 
y Ara 6462 | 17 2611.7] —56 2308 | d 3.34} —0.96 | —0.13 
44 Oph | 6486 | 17 2657.1] —24 1100 4.17} +0.12 | +0.28 
49 o Oph | 6498 | 172659.2| +040758 | s 4.34 | +1.62] +1.50 
6493 | 17 2708.2] —05 05 40 | 6 4.54 | —0.03 | +0.39 
45 Oph | 6492 | 17 2757.7 | —29 52 29 4.29 | +0.09 | +0.40 
23 5 UMi | 6789 | 1729 11.5] +86 34 48 4.36 | +0.03 | +0.02 
23 B Dra 6536 | 17 3038.9] +52 1741 | sd 2.79 | +0.64 | +0.98 
716 Her 6526 | 17 3107.4] +26 06 14 4.41 | +1.68 | +1.44 
34 v_ Sco 6508 | 1731 24.6] —37 1809 | 6 2.69 | —0.82 | —0.22 
27 Dra 6566 | 1731 55.7] +68 07 44 | d6 5.05 | +0.92} +1.08 
5 Ara 6500 | 17 3157.5) —60 41 26 | d 3.62 | —0.31 | —0.10 
24 v! Dra 6554 | 1732 21.8) +551041 | 6 4.88 | +0.04 | +0.26 
25 v Dra 6555 | 17 32 27.3] +55 1000 | d6 4.87 | +0.06 | +0.28 
a Ara 6510 | 1732 34.6] —495258 | dé 2.95 | —0.69 | —0.17 
35 A Sco 6527 | 1734 15.3 | —37 06 36 | vd6 1.63 | —0.89 | —0.22 
35 a Oph | 6556 | 1735 22.5} +12 3313 |6 2.08 | +0.10 | +0.15 
28 @ Dra 6596 | 17 36 53.8] +68 45 13 | d6 4.80] —0.01 | +0.43 
6546 | 1737 12.1 | —38 38 28 4.29 | +0.90 | +1.09 
6 Sco 6553 | 17 38 00.1 | —43 00 11 1.87 | +0.22 | +0.40 
55 — Ser 6561 | 17 3807.9] —15 24 14 | d6 3.54] +0.14} +0.26 
85 i ies 6588 | 1739 44.0] +4600 06 | svd6 3.80} —0.69} —0.18 
31 w Dra 6636 | 1741 46.3] +72 08 38 | d 4.58 | +0.01 | +0.42 
56 o Ser 6581 | 1741 56.9) —12 5247 | 6 4.26 | +0.10] +0.08 
k Sco 6580 | 17 43 08.7 | —39 02 02 | v6 2.41 | —0.89 | —0.22 
84 Her 6608 | 1743 45.0] +24 1927 |s 5.71 | +0.27 | +0.65 
60 B Oph | 6603 | 17 43 56.5 | +04 33 50 2.77 | +1.24} +1.16 
58 Oph | 6595 | 17 4400.0] —21 41 13 4.87 | —0.03 | +0.47 
ju Ara 6585 | 17 4454.0] —51 50 17 5.15 | +0.24 | +0.70 
n Pav 6582 | 17 46 40.0 | —64 43 38 3.62} +1.17| +1.19 
86 pe Her 6623 | 17 4649.9 | +27 42 56 | asd 3.42 | +0.39} +0.75 
3 X Sgr 6616 | 1748 09.5} —275001 | v 4.54} +0.50 | +0.80 
Sco 6615 | 1748 15.0 | —40 07 47 | sd6 3.03 | +0.27 | +0.51 
62 y Oph | 6629 | 1748 22.2) +02 4216 | 6 3.75 | +0.04 | +0.04 
85 Dra 6701 17 49 01.6 | +76 57 40 5.04 | +0.08 | +0.49 
6630 | 1750 30.3 | —3702 44 |d 3.21 | +1.19} +1.17 
32 & Dra 6688 | 1753 41.6] +565217 | d 3.75] +1.21} +1.18 
89 v441 Her 6685 | 1755 48.2) +2602 56 | sv6 5.45 | +0.26 | +0.34 
91 6 Her 6695 | 1756 34.7 | +37 14 59 3.86] +1.46] +1.35 
33 y Dra 6705 | 1756 49.6} +51 29 17 | asd 2.23 | +1.87| +1.52 
92 —& Her 6703 | 1758 08.1 | +29 1450 | v 3.70 | +0.70 | +0.94 
94 v Her 6707 | 1758 52.0} +3011 20 |d 4.41 | +0.15 | +0.39 


Spectral Type 
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BRIGHT STARS, J2009.5 


Flamsteed/Bayer 
Designation 


64 v Oph 
93 Her 
67 Oph 
68 Oph 
W Sgr 

70 Oph 
10 y Ser 
6 Ara 
72 Oph 
103 o Her 
102 Her 
gw ‘Pav 

€ arel 

36 Dra 
3} uw Ser 
n Sgr 

1 k Lyr 
43 d@ Dra 
44 x Dra 
74 Oph 
19 56 Sgr 
58 n Ser 
€ Pav 

109 Her 
20 e Sgr 
cmliel 

22 dX Sgr 
G atel 

y Sct 

60 Ser 
6 Cra 

Sct 

3 a Lyr 

5 Sct 

€ act 

G “av. 

6 Ge lyr 
50 Dra 
110 Her 
27 go Sgr 
lalil Her 
B Sct 

R Sct 

n! CrA 

10 B Lyr 
47 o Dra 


6698 
6713 
6714 
6723 
6742 


6752 
6746 
6743 
6791 
6771 


6779 
6787 
6745 
6783 
6850 


6812 
6819 
6832 
6872 
6920 


6927 
6866 
6859 
6869 
6855 


6895 
6879 
6897 
6913 
6905 


6930 
6935 
6951 
6973 
6985 


7001 
7020 
7032 
6982 
7056 


7124 
7061 
7039 
7064 
7069 


7063 
7066 
7062 
7106 
7125 


Spectral Type 


Rie Declination | Notes V U-B 
Ascension 

h m Ss a - WF 
17 59 33.0 | —09 46 27 3.34 +038] 
18 00 28.8 | +16 45 03 4.67 | +1.22 
18 01 07.3 | +02 55 54 | sd 3.97 | —0.62 
18 02 14.1 | +01 18 20 | d67 4.45} 0.00 
18 05 37.6 | —29 34 44 | vd6 4.69 | +0.52 
18 05 56.0 | +02 2956 | dv67 4.03 | +0.54 
18 06 25.1 | —30 25 23 | 6 2.99 | +0.77 
18 07 22.2 | —50 05 24 3.66 | —0.85 
18 07 45.9 | +43 2749 | s6 5.00 | +0.71 
18 07 48.0 | +09 33 57 | d6 3.73 | +0.10 
18 07 54.8 | +28 4551 | d6 3.83 | —0.07 
18 09 09.9 | +2049 00 | d 4.36| —0.81 
18 09 29.7! —63 4001 | 6 4.35 | +0.18 
18 11 56.1 | —45 5707 |d 4.53 | +0.78 
18 13 57.1 | +64 2402 Id 5.02 | —0.06 
18 14 19.9 | —21 03 20 | do 3.86 | —0.49 
18 1755.5 | —5601 10 | 6 5.33 | —0.69 
18 18 16.2 | —36 45 29 | d7 3.11 | +1.71 
18 20 11.7 | +36 04 09 4.33 | +1.19 
18 20 37.2 | +71 20 34 | vd67 4.22 | —0.33 
18 20 53.1 | +72 4412 | d6 3.57 | —0.06 
18 21 20.5 | +03 2255 |d 4.86 | +0.62 
18 21 36.1 | —29 49 24 |d 2.70 | +1.55 
18 21 48.1} —0253 45 |d 3.26 | +0.66 
18 24 06.1 | —61 2918 | d67 4.36] +1.55 
18 24 06.2 | +21 4629 | sd 3.84} +1.17 
18 24 48.1 | —34 2245 |d 1.85 | —0.13 
18 27 40.6 | —45 57 44 3.51 | —0.64 
18 28 33.4 | —25 24 56 2.81 | +0.89 
18 29 33.7 | —49 03 52 4.13 | +0.82 
18 29 44.3 | —14 33 33 4.70 | +0.06 
18 30 10.6 | —01 58 43 | 6 5.39 | +0.76 
18 34 10.9} —42 18 17 4.64 | +0.76 
18 35 43.4 | —O8 14 12 3.85 | +1.54 
18 36 55.0 | +09 07 50 | 6 5.39 | —0.02 
18 37 15.6 | +38 47 35. | asd 0.03 | —0.01 
18 42 47.6 | —09 02 34 | vd6 4.72 | +0.14 
18 44 02.3 | —08 1555 |d 4.90 | +0.87 
18 44 08.4 | —71 2507 |d 4.01 | +1.02 
18 45 06.0 | +37 3656 | d6 4.36] +0.16 
18 46 03.5 | +75 2641 | 6 5.35 | +0.04 
18 46 04.3 | +20 33 21 | d 4.19} +0.01 
18 46 15.0} —2658 49 | 6 3.17} —0.36 
18 46 27.5 | +26 40 22 4.83 | +1.23 
18 47 26.5] +18 11 34 | d6 4.36 | +0.07 
18 47 40.7 | —04 44 13 | 6 4.22] +0.81 
18 47 59.4] —05 41 39 | 5 5.20 | +1.64 
18 49 31.6 | —43 40 08 5.49 
18 50 25.8 | +33 22 27 | cvd6 3.45 | —0.56 
18 51 20.5 | +59 2401 | dv6 4.66 | +1.04 


amt 
+0.99 
+1.26 
+0.02 
+0.02 


+0.78 


+0.86 
+1.00 
—0.08 
+0.91 
+0.12 


—0.03 
—0.16 
+0.22 
+1.01 
+0.41 


+0.23 
—0.05 
+1.56 
allay) 
—0.10 


+0.49 
+0.91 
EleaS 
+0.94 
+1.48 


+1.18 
—0.03 
=0:17 
+1.04 
+1.02 


+0.06 
+0.96 
+1.01 
alles: 
+0.37 


0.00 
+0.35 
Fiabe 
+1.14 
+0.19 


+0.05 
+0.46 
=O'1 
+1.20 
+0.13 


HELO 
+1.47 
+0.13 

0.00 
IRD 
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KOr Il 
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AS IV—V 


AO I—HI 
B21V 
A7p Sr 
KO Il 

F5 V 


B9 Ia 

B3 Ipe 

M3.5 IIab 

K2° IIlab CN 0.5 
AOp Si 


BPW) 

G8 Il 

K2.5 Ila CN 0.5 
KO I-IV 

K4 11 


K2 Ifab 

AO IF n (shell) 
B3 IV 

K1 Ib 
G8/KO II 


A2 Ti 
KO Il 
G8 Il 
K3 I 
F5 Ils 


AO Va 

F2 II (str. met.) 
G8 IIb 

KO II 

A5m 


Al Vn 
F6 V 
B8 If 
K2 Ill 
A3 Vat 


G4 Ila 
KO Ib:p Ca—1 
A2 Vn 
B7 Vpe (shell) 
G9 Ill Fe—0.5 


BRIGHT STARS, J2009.5 


H25 


Flamsteed/Bayer |BS=HR|_ Right Declinati 
Designation No. icartand eclination V U-B | B-V Spectral Type 
h m S Go Wt Cat 
Pav 7074 | 1853 05.7} —62 1032 |d 4.22} —0.89| —0.14] B2 0—I 
52 uv Dra 7180 | 1854 16.7] +71 1835 | 6 4.82} +1.10] +1.15} KOINICNO.5 
12 6° Lyr 7139 | 1854 50.2 | +36 5440 |d 4.30} +1.65| +1.68| M4 II 
13 Ro byr 7157 | 18 55 37.5 | +43 57 32 | s6 4.04 | +1.41 | +1.59| M5 III (var) 
34 o Ser 7121 +| 1855 51.2] —261703 |d 2.02 | —0.75| —0.22| B3IV 
63 6! Ser 7141 | 1856 41.5] +04 1300 | d 4.61} +0.11| +0.16) ASV 
k Pav 7107 | 1857 55.5 | —67 13 13 | v 4.44 | +0.71} +0.60] FS I—II 
87 &> Ser 7150 | 1858 17.8] —21 05 36 3.51) +1.13 | +1.18) K1 0 
tel 7134 | 1859 13.2) —525531 |6 4.87 —0.05) AOI 
14 y Lyr 7178 =| 1859 18.0] +32 4211 |d 3.24 | —0.09 | —0.05| B9 II 
13 e Aql 7176 | 1900 03.2] +15 0454 | d6 4.02] +1.04] +1.08} K1~ INCN0.5 
x Oct 6721 | 19 0009.1 | —87 35 35 5.28 | +1.60} +1.28} K3 DI 
12 Aql 7193 | 1902 11.3] —05 43 30 4.02} +1.04| +1.09| K1 Il 
38 ¢ Ser 7194 | 1903 12.9] —295157 | d67 2.60 | +0.06} +0.08} A2IV—V 
39 o Sgr 7217 =| 1905 15.1] —21 43 37 | d 3.77 | +0.85 | +1.01| G9 IIIb 
ily ¢ Aql 7235 | 1905 50.8] +135241 | d6 2.99 | —0.01} +0.01} AO Vann 
16 i Aql 7236 =| 1906 45.2 | —04 52 04 3.44 | —0.27| —0.09} AOIVp (wk 4481) 
40 t ser 7234 | 1907 32.0] —27 3921 | 6 3.32) +1.15| +1.19} K1.5 IIb 
18 b syn 7262 | 1907 38.5 | +3606 56 | d 5.28} —0.51 |} —0.11} B6IV 
a CrA |} 7254 | 19 1007.0] —37 53 20 4.11] +0.08} +0.04} A2IVn 
41 m Sgr 7264 | 19 1019.7) —21 0028 | d7 2.89 | +0.22} +0.35} F2 IID 
B CrA | 7259 | 19 1040.9 | —39 19 30 4.11] +1.07} +1.20} KOT 
57 6 Dra 7310 | 19 12 33.3) +67 4042 | d 3.07] +0.78| +1.00} G9 DI 
20 Aql 7279 | 19 13 11.6 | —07 55 23 5.34| —0.44| +0.13} B3V 
20 n Lyr 7298 |19 1404.9) +3909 46 | d6 4.39 | —0.65| —0.15|] B2.5 TV 
60 t Dra 7352— | 19 15 21.8) '-+73 22 22 | 6 4.45| +1.45} +1.25| K2t IIb CN 1 
a 6 Lyr 7314 |19 1641.9] +3809 04 |d 4.36] +1.23} +1.26| KOI 
1 k Cyg | 7328 | 1917 19.3] +53 2311 |6 3.77} +0.74| +0.96| G9 III 
43 Sgr 7304 | 19 1811.4) —18 5607 4.96} +0.80} +1.02] G8 II—III 
25 wo! Aql 7315 | 19 18 15.8 | +11 36 47 5.28 | +0.22} +0.20| FOIV 
44 p Ser 7340 | 19 22 13.4) —17 49 43 3.93 | +0.13 | +0.22} FO I-IV 
46 v Sgr 7342 | 1922 16.2) —155611 | 6 4.61] —0.53} +0.10) Apep 
B' Ser 7337 | 1923 19.2) —44 2625 | d 4.01 | —0.39| —0.10} B8 V 
(Be Sys 7343 | 1923 54.2) —44 46 52 4.29 | +0.07| +0.34] FOIV 
a Ser 7348 | 19 2432.6] —4035 50 | 6 3.97 | —0.33 | —0.10} B8& V 
31 Aql 7373. | 1925 25.4). 4115755 | d 5.16] +0.42} +0.77| G7IVH6 1 
30 5 Aql 7377 =| 19 25 58.6 | +03 08 04 | d6 3.36) +0.04} +0.32) F2IV—V 
6 a Vul 7405 | 1929 06.1 | +24 4105 |d 4.44} +1.81) +1.50) MO.5 lb 
10  Cyg | 7420 | 19 2956.7} +51 45 01 3.79 | +0.11] +0.14} A4V 
6 B Cyg | 7417 | 1931 06.3) +2758 48 | cd 3.08} +0.62} +1.13} K3 I+ B9.5 V 
36 Aql 7414 | 1931 09.6 | —02 46 07 5.03 | +2.05} +1.75| M1 Ilab 
8 Cyg | 7426 | 19 3207.5} +34 28 25 4.74| —0.65| —0.14] B3IV 
61 o Dra 7462 | 1932 20.4} +69 40 38 | asd 4.68 | +0.38] +0.79| KO V 
38 pe Aql 7429 | 1934 33.2] +07 2359 |d 4.45 | +1.26] +1.17} K3~ IIb Fe 0.5 
Cv Tel 7424 | 1935 55.1 | —48 04 40 4.90 +1.09} KOI 
13 6 Cyg | 7469 | 19 36 41.8} +50 1436 | d 4.48 | —0.03 | +0.38} F4V 
41  Aql 7447 | 1937 12.7} —01 1554 | d 4.36 | —0.44| —0.08} BS Il 
52 Sgr 7440 | 1937 17.1] —245143 |d 4.60 | —0.15 | —0.07| B8/9 V 
39 k Aql 7446 | 1937 24.1 | —07 00 21 4.95 | —0.87| 0.00} BO.5 Ifn 
5) a Sge 7479 | 19 4031.3] +1802 11 |d 4.37} +0.43} +0.78| G1 II 


H26 BRIGHT STARS, J2009.5 


Flame ea ese Ripe Declination Vv fu-el: B | Spectral Type 
Designation No. | Ascension ‘r 
hm s Cl 
7495 | 19 41 07.8 | +45 32 52 5.06} +0.15} +0.40} FS I—IIl 
54 Sgr 7476 | 1941 16.0} —161615 |d 5.30| +1.06| +1.13] K2 II 
6 B Sge 7488 | 19 41 28.5 | +17 29 55 4.37| +0.89} +1.05}| G8 Illa CN 0.5 
16 Cyg | 7503 | 19 4204.1) +503251 | sd 5.96| +0.19] +0.64) GI1.5 Vb 
16 Cyg | 7504 | 19 4207.1) +5032 23 | s 6.20] +0.20} +0.66} G3V 
ap) Ser 7489 | 19 43 03.7| —16 06 04 | 6 5.06 | +0.09 | +0.33} FOIVn: 
10 Vul 7506 | 19 44 06.6 | +25 47 43 5.49 | +0.67| +0.93| G8 III 
IS) Cyg | 7517 | 19 4437.2 | +37 22 40 4.89 | +0.69| +0.95| G8 III 
18 6 Cyg | 7528 | 1945 16.3) +45 09 16 | d67 2.87 | —0.10} —0.03) B9.5 III 
50 y Aql 7525, | 19 46 42.7| +10 38 13 | d 2.72) +1.68| +1.52) K3 II 
56 Sgr 7515 | 19 4654.9 | —19 44 15 4.86 | +0.96| +0.93} KO* III 
7 6 Sge 7536 | 19 47 48.7 | +18 33 30 | cd6 3.82 | +0.96) +1.41| M2I1+A0 V 
63 € Dra | 7582 | 1948 08.2; +701731 | d67 3.83 | +0.52| +0.89]) G7 IIIb Fe—1 
Vitel 7510 | 19 48 47.5 | —56 20 20 5.39 +0.20| A9 Vn 
x Cyg | 7564 | 195055.8| +32 5619 | vd 4.23 | +0.96| +1.82} S6+/le 
53 a Aql 7557 | 1951 14.8 | +08 53 38 | dv 0.77 | +0.08 |} +0.22| A7Vnn 
Sl Agl 7553 | 1951 18.1} —10 44 20 | d Seay +0.38| FOV 
7589 | 1952 16.2 | +4703 08 | s 5-62 | —0.97 | —0:07), O9:5 lab 
v3961 Sgr 7552) | 19.52 29.2 | —3950'58 | sv6 5.33 | —0.22 | —0.06} AOp Si Cr Eu 
9 Sge 7574 | 1952 47.2} +1841 48 | s6 6.23 | —0.92| +0.01| O8 If 
55 n Aql 7570 | 195257.4}| +0101 50 | v6 3.90} +0.51] +0.89] F6—G1 Ib 
v1291 Aql 7575 | 1953 48.6 | —03 05 21 | s 5.65 | +0.10} +0.20} AS5p Sr Cr Eu 
60 B Aql 7602 | 1955 46.8 | +06 25 52 | ad 3.71 | +0.48 | +0.86] G8 IV 
t Sgr T3SV | NOS5S 494 15088 4.13} +0.90} +1.08} G8 Il 
21 n Cyg | 7615 | 1956 39.8} +35 06 33 | d 3.89 | +0.89) +1.02| KO II 
61 Sgr TOT4® 1958293 — 15.27 56 5.02 | +0.07) +0.05| A3 Va 
12 y Sge 7635 | 1959 10.8| +19 3106 | s 3.47} +1.93 | +1.57) MO- Il 
Oe Sai 7623 | 2000 21.2 | —35 1500 | d6 4.37 | —0.67) —0.15) B25 1V 
15 NT Vul 7653 | 2001 29.5 | +27 4649 | 6 4.64 | +0.16} +0.18| A7m 
€ Pav 7590 | 20 01 40.6 | —72 53 03 3.96 | —0.05 | —0.03| AO Va 
62 v3872 Ser 7650 | 2003 14.4) —27 40 58 4.58] +1.80| +1.65} M4.5 Il 
Ep tel 7673 | 20 08 06.6 | —525110 | 6 4.94} +1.84] +1.62] M1 Ilab 
1 k Cep | 7750 | 20 08 33.2] +77 44 23 | d7 4.39} —0.11} —0.05| B9 III 
5 Pav 7665 | 20 09 39.0 | —66 09 24 3.56 | +0.45 | +0.76| G6/8 IV 
28 vl624 Cyg | 7708 | 2009 46.8) +365205 | 6 4°935)'=0077 | 0.13) BQ V 
65 @ Aql 7710 | 20 11 47.7 | —00 47 34 | d6 3.23 | —0.14| —0.07) B9.5 IiI* 
33 Cyg | 7740 | 20 13 37.1] +5635 49 | 6 4.30] +0.08) +0.11) A3TVn 
3] o| Cyg | 7735 |201355.9| +46 46 14 | cvd6 3.79} +0.42) +1.28) K211+ B4V 
67 p Aq 7724 | 20 14 43.0} +15 13 37 | 6 4.95 | +0.01| +0.08} Al Va 
32 o Cyg | 7751 | 2015 45.9| +47 4437 | cvd6 3.98 | +1.03] +1.52] K31+B9: V 
24 Vul 7753 | 20 17 11.5 | +24 42 03 5.32 | +0.67| +0.95} G8 III 
34 P Cyg | 7763 | 2018 08.2] +38 03 46 | s 4.81] —0.58| +0.42} Blpe 
5 a! Cap | 7747 | 2018 10.4] —12 28 42 | d6 4.24| +0.78} +1.07| G3 Ib 
a? Cap | 7754 | 20 18 34.8] —12 3053 | d6 3.57) +0.69 | +0.94| G9 III 
) B Cap | 7776 | 2021 32.6] —1445 03 | cd67 3.08 | +0.28 | +0.79| KOTI: + A5n: V: 
37 y Cyg | 7796 | 2022 34.2} +4017 15 | asd 2.20} +0.53| +0.68] F8 Ib 
7794 | 20.23 38.9 | +05 22 26 5.31 | +0.77] +0.97| G8 III-IV 
3) Cyg | 7806 | 2024 14.4) +321317 |s 4.43 | +1.50] +1.33] K2.5 III Fe—0.5 
a Pav 7790 | 20 26 23.6 | —56 42 14 | d6 1.94) —0.71] —0.20} B2.5V 
2 6 Cep | 7850 | 2029 44.4| +63 01 34 | 6 4.22} +0.16] +0.20} A7m 


BRIGHT STARS, J2009.5 H27 


Flamsteed/Bayer Right Dectinak 
Designation ASceakinn eclination | Notes Spectral Type 
h om 8 Ce 1d 
41 Cyg 20 29 47.0 | +30 24 02 F5 I 
69 Aql 20 30 08.8 | —02 51 12 K2 I 
73 AF Dra 20 31 22.3 | +7459 13 | 6 AOp Sr Cr Eu 
2 € Del 20 33 40.0 | +11 20 10 B6é III 
6 B Del 7882 | 20 3759.7| +14 37 43 | d6 3.63 | +0.08 | +0.44| FSIV 
a Ind 7869 | 20 38 13.9} —47 15 28 | d 3.11} +0.79} +1.00} KO UI CN—1 
TA Aql 7884 | 20 38 49.7] —01 04 17 | d6 4.32} +0.69) +0.95} G7.5 Ila 
wy Vul 7891 | 20 38 56.8 | +21 14 06 4.82 | —0.08 | —0.02} AO Va (shell) 
7 k Del 7896 | 20 39 35.5| +1007 13 |d 5.05} +0.21) +0.72]| G2IV 
9 a Del 7906 | 2040 04.8] +15 56 46 | d6 3.77 | —0.21| —0.06| B9IV 
its) v Cap | 7900 | 20 4035.3] —18 06 17 5.10) +1.99} +1.66} M1 Il 
49 Cyg | 7921 | 2041 25.6] +32 20 29 | sd6 Soll +0.88 | G8 IIb 
50 a Cyg | 7924 | 2041 45.4) +45 1853 | asd6 1.25 | —0.24} +0.09] A2Ia 
11 5 Del 7928 | 20 43 54.1] +15 06 33 | v6 4.43 | +0.10} +0.32) FOm 
n Ind 7920 | 2044 43.9} —51 53 11 4.51 | +0.09| +0.27) A9IV 
3 n Cep | 7957 | 2045 28.9} +61 5233 |d 3.43 | +0.62 | +0.92| KOIV 
7255.) | 207493531 E57 3691 3 d6 4.51} +0.10] +0.54| F8IV—V 
B Pav 7913 | 20 45 48.2 | —66 10 06 3.42 | +0.12] +0.16} A6IV- 
a Cyg | 7942 | 20 4603.3} +3045 17 | d 4.22| +0.89) +1.05| KO Ila 
SS e Cyg | 7949 | 20 46 35.8} +3400 22 | ad6 2.46| +0.87} +1.03) KO UI 
16 w Cap | 7936 | 2046 39.4) —25 14 10 4.14] +0.02| +0.43] F4V 
12 y? Del 7948 | 2047 06.0) +16 09 32 | d 4.27) +0.97| +1.04| KIIV 
54 A Cyg | 7963 | 20 47 46.8 | +36 31 34 | d67 4.53} —0.49| —0.11} B6IV 
2 e Agr | 7950 | 20 48 11.4} —09 27 38 3.77| +0.02} 0.00} Al TI 
3 EN Agr | 7951 | 20 48 14.3 | —04 59 33 4.42} +1.92| +1.65| M3 Il 
t Mic | 7943 | 2049 07.6| —43 5712 | d7 SaL1!})+-0:06))-0:35i)) FLV’ 
55 vl661 Cyg | 7977 | 2049 15.7] +4608 59 | sd 4.84} —0.45| +0.41} B2.5 Ia 
18 @ Cap | 7980 | 2052 23.2 | —2652 59 4.11} +1.93] +1.64} MO III Ba 0.5 
6 uw Agr | 7990 | 2053 09.9} —08 5650 | d6 43) ONE OS 25) F2no 
32 Vul 8008 | 20 54 58.0 | +28 05 39 5.01] +1.79| +1.48} K4 Il 
B Ind 7986 | 2055 32.8 | —58 2503 | d 3.65 eal 23121250) | Ka 
8023 | 20 5654.9 | +4457 42 | s6 5.96 | —0.85 | +0.05| O06 V 
58 v Cyg | 8028 | 205731.7| +441 1215 | d6 3.94} 0.00] +0.02} A0.5 In 
33 Vul 8032 | 2058 41.8 | +22 21 47 Sil +1.40] K3.5 I 
20 AO Cap | 8033 | 21 0008.5 | —1859 53 | sv 6.25 —0.13} B9psi 
59 v832 Cyg | 8047 | 21 0009.0} +47 33 30 | d6 4.70} —0.93] —0.04|} B1.5 Vnne 
y Mic |} 8039 | 210152.3) —321312 |d 4.67| +0.54] +0.89| G8 III 
¢ Mic | 8048 | 21 03 34.2 | —38 35 38 5.30 +0.41] F3V 
62 — Cyg | 8079 | 2105 16.6] +435758 | s6 3.72} +1.83) +1.65} K4.5 Ib—II 
a Oct 8021 | 2105 50.3) —7659 11 | cv6 5.15 | +0.13| +0.49} G2 1+ A7 Ul 
23 6 Cap | 8075 | 21 0628.8) —171141 |6 4.07 | +0.01 | —0.01} Al Vat 
61 v1803 Cyg | 8085 | 2107 19.5} +38 4748 | asd 5.21) +1.11) +1.18) KS V 
61 Cyg | 8086 | 21 07 20.8] +38 47 20 | sd G103 jis 233) S74 tN, 
24 Cap | 8080 | 21 0740.9} —245803 |d 4.50) +1.93} +1.61| M1 Il 
13 v Aqr | 8093 | 21 1006.6} —11 1958 4.51] +0.70| +0.94]} G8* III 
5 y Equ | 8097 | 21 1048.2} +101013 |d 4.69 | +0.10} +0.26] FOp Sr Eu 
64 © iCyg || Sibe 2118 205) 4-805 158 7 'sdo 3.20] +0.76| +0.99] G8* III—IIa Ba 0.5 
8110 | 21 1351.0) —27 34 48 5.42 | +1.69} +1.42) K5 Il 
o Pav 80929) 21403 1-70 05012 16 5.02 | +1.56] +1.58| M1/2 III 
7 6 Equ | 8123 |211456.6|+100245 | d67 4.49| —0.01| +0.50| F8 V 


H28 BRIGHT STARS, J2009.5 
ee B Pre Rae Declination | Notes lv U-B | B-V Spectral Type 
h m s Ee Ei 
65 Ee Cy 8130 | 21 15 10.3} +3805 10 | d67 3.72 | +0.02) +0.39| F2V 
8 a Equ 8131 21 1617.9) +05 1715 | cd6 3.92} +0.29| +0.53| G2 II—IIl + A4 V 
on Oct 7228 =| 21 1652.7} —885501 |v 5.47} +0.13 | +0.27| FOI 
67 o Cyg 8143 | 21 17 47.4] +39 2605 | 6 4.23 | —0.39| +0.12} B9 Iab 
66 v Cyg 8146 | 21 18 18.5] +3456 14 | d6 4.43 | —0.82| —0.11]| B2 Ve 
e Mic 8135 | 21 18 30.7] —32 07 56 4.71] +0.02] +0.06| Alm A2 Vat 
5 Cep 8162 | 21 18 48.3 | +62 37 34 |d 2.44] +0.11) +0.22} A7V*n 
6 Ind 8140 | 21 20 32.3 | —53 24 33 | d7 4.39} +0.12} +0.19} ASIV—V 
6! Mic 8151 21 21 21.9} —40 46 08 | dv 4.82 | —0.07| +0.02|} Ap Cr Eu 
1 Peg 8173 | 21 2231.6} +1950 44 | d6 4.08} +1.06} +1.11} K1 Ill 
32 t Cap 8167 | 21 22 46.5 | —16 47 37 4.28] +0.58} +0.90} G7 III Fe—1.5 
18 Aqr 8187 | 21 2442.6} —125013 |d 5.49 +0.29| FO Vt 
69 Cyg 8209 | 21 2610.4} +3642 31 | sd 5.94 | —0.94| —0.08| BO Ib 
34 Ca Gap 8204 | 21 2712.5} —22 2211 | d6 3.74| +0.59} +1.00| G4 Ib: Ba 2 
Pav 8181 21 27 13.1 | —65 19 21 4.22 | —0.12| +0.49} F6 Vp 
8 Cep 8238 | 21 28 46.8] +70 3609 | vd6 3.23 | —0.95} —0.22} Bl Il 
36 Cap 8213 | 2129 15.8} —21 45 55 4.51 | +0.60} +0.91] G7 IIIb Fe—1 
U3! Cyg 8228 | 21 29 48.0} +46 34 58 5.24}; +0.80| +0.97} KO” II 
2 Peg 8225 | 21 3022.7} +23 4051 |d 4.57| +1.93} +1.62} M1* Ill 
Mp) B Aqr 8232 | 21 3203.5} —05 31 44 | asd 2.91 | +0.56| +0.83| G0 Ib 
73 p Cyg 8252 | 21 34 20.3 | +45 38 03 4.02 | +0.56] +0.89} G8 III Fe—0.5 
74 Cyg 8266 | 21 37 19.9} +40 27 23 5.01] +0.10} +0.18} ASV 
9 v3 ‘Gep 8279 | 21 38 10.5 | +62 07 30 | as 4.73 | —0.53} +0.30|} B2 Ib 
5) Peg 8267 | 21 3812.1] +19 21 42 5.45 | +0.14] +0.30} FO V* 
23 € Aqr 8264 | 21 38 15.4} —07 4840 | d6 4.69} +0.13} +0.17} AS Vn 
TB Cyg 8284 | 21 4033.5] +43 1902 | sd 5.11] +1.90} +1.60]} M1 Iab 
40 y Cap 8278 | 21 40 37.0] —16 3708 | 6 3.68 | +0.20] +0.32] A7m: 
11 Cep 8317 | 21 42 03.5} +71 21 19 4.56; +1.10} +1.10| K0O.5 ID 
v Oct 8254 | 21 42 30.1] —77 2050 | 6 3.76] +0.89} +1.00} KOIII 
Le ep 8316 | 21 43 47.9 | +58 49 26 | asd 4.08 | +2.42] +2.35} M2 Ia 
8 e Peg 8308 | 21 44 39.2} +0955 08 | sd 2.39) +1.70} +1.53} K2Ib—Il 
9 Peg 8313 21 4457.7 | +17 23 38 | as 4.34] +1.00} +1.17] G5 Ib 
10 k Peg 8315 | 2145 04.6] +2541 20 | d67 4.13} +0.03] +0.43} FSIV 
9 t PsA 8305 | 21 45 30.6 | —32 5855 | d6 4.34} —0.11} —0.05| AOIV 
10 Vv iGep 8334 | 21 45 43.4} +61 09 53 4.29! +0.13] +0.52} A2 Ia 
81 ne Cyg 8335 | 21 47 08.7} +49 21 14 | d6 4.23 | —0.71} —0.12] B2.5 III 
49 56 Cap 8322 | 21 4733.8} —1605 02 | vd6 2.87] +0.09} +0.29| F2m 
14 Peg 8343 | 2150 16.0} +30 13 08 | 6 5.04] +0.03 | —0.03} Al Vs 
o Ind 8333 | 2151 34.5} —69 35 05 5.53 | +1.63 | +1.37] K2/3 I 
16 Peg 8356 | 21 53 29.7] +25 58 13 | 6 5.08 | —0.67} —0.17| B3V 
51 fe Cap 8351 21 53 48.8 | —13 30 24 5.08 | —0.01 | +0.37| F2V 
y Gru 8353 21 54 30.1 | —37 19 11 3.01 | —0.37} —0.12} B8IV—Vs 
13 Cep 8371 2155 12.4] +56 39 23 | 5s 5.80 | —0.02] +0.73|} B8 Ib 
6 Ind 8368 | 21 58 33.5 | —54 5649 | d7 4.40 | +0.10]) +0.28} FOIM—IVn 
1H & ep 8417 | 22 0404.0} +64 40 28 | d6 4.29} +0.09 | +0.34} A7m: 
e Ind 8387 | 22 0404.9 | —56 44 47 4.69 | +0.99} +1.06} K4/5 V 
20 Cep 8426 | 2205 17.9| +62 49 56 5.27] +1.78] +1.41] K4 III 
19 Cep 8428 | 2205 26.4] +62 19 34 | sd 5.11} —0.84} +0.08] 09.5 Ib 
34 a Agr 8414 | 22 06 16.3 | —00 16 24 | sd 2.96 | +0.74| +0.98| G2 Ib 
A Gru 8411 22 06 41.1 | —39 29 50 4.46] +1.66] +1.37]} K3 I 


BRIGHT STARS, J2009.5 H29 


Flamsteed/Bayer | BS=HR Right Delian 
Designation Ae Aseation eclination | Notes V U-B| B-V Spectral Type 
h m s ht Rv Aey2 
33 t Aqr 8418 | 22 0657.0] —13 49 24 |6 4.27| —0.29 | —0.07| B9TV—V 
24 t Peg 8430 | 2207 27.2| +25 23 30 | d6 3.76} —0.04| +0.44]} F5V 
a Gru 8425 | 22 08 49.7 | —46 54 53 | d 1.74] —0.47| —0.13} B7 Vn 
14 m PsA | 8431 | 22 08 56.1 | —32 56 30 4.50} +0.05 | +0.05} Al TVnn 
24 Cep 8468 | 22 09 59.3 | +72 23 17 4.79 | +0.61| +0.92] G7 Ii-Il 
29 Tes. 8454 | 22 10 24.6} +33 13 30 4.29} +0.18| +0.46| F3 HI 
26 6 Peg 8450 | 22 1040.7] +06 1442 | 6 3.53 | +0.10] +0.08} A2m Al IV—V 
21 G #€ep 8465 | 2211 11.1] +58 1454 | 6 3.35 | +1.71] +1.57] K1.5 Ib 
22 cen 8469 | 22 11 50.0| +59 27 42 | s 5.04 | —0.74| +0.25| O6 If 
8546 | 2212 15.6] +8609 19 | 6 5.27 | —0.11} —0.03| B9.5 Vn 
8485 | 22 1417.3] +3945 44 | d6 4.49} +1.45|} +1.39) K2.5 II 
16 dX PsA | 8478 | 22 1450.9| —27 43 10 5.43 | —0.55| —0.16|] B8 III 
23 € Cep 8494 | 22 15 23.3] +5705 28 | d6 4.19} +0.04) +0.28} A9IV 
1 Lac 8498 | 22 16 23.1 | +37 47 47 4.13} +1.63} +1.46| K3~ II-III 
43 6 Aqr 8499 | 22 17 20.1 | —07 44 09 4.16} +0.81]) +0.98| G9 III 
a Tuc 8502 | 22 1908.7 | —60 12 43 | 6 2.86 | +1.54] +1.39} K3 DI 
€ Oct 8481 | 22 21 02.7 | —80 23 31 5.10} +1.09) +1.47| Mo Ill 
Sil IN Peg 8520 | 22 2159.1 | +12 15 12 5.01 | —0.81} —0.13} B2IV—V 
47 Aqr 8516 | 22 22 06.9 | —21 33 01 5.13] +0.92} +1.07} KO DI 
48 y Aqr 8518 | 22 22 08.8 | —01 2021 | d6 3.84} —0.12} —0.05| B9.5 I-IV 
3 pakeac 8538 | 22 23 56.1 | +52 1637 | d 4.43 | +0.77| +1.02| G9 IIIb Ca 1 
52 mz Aqr 8539 | 22 25 45.7 | +01 25 33 4.66 | —0.98 | —0.03| Bl Ve 
5 Tuc 8540 | 22 2759.9 | —64 55 04 | d7 4.48 | —0.07] —0.03| B9.5TVn 
v Gru 8552 | 22 29 12.4} —3905 00 |d 5.47 +0.95| G8 Il 
55 é> Aqu 8559 | 22 29 19.2 | +00 01 44 | cd 4.49} 0.00} +0.37) F2.5IV—V 
27 56 Cep 8571 | 22 29 31.5 | +58 2750 | vd6 3.75 +0.60} FS5—G2 Ib 
6! Gru 8556 | 22 29 50.0 | —43 26 48 | d 3.97 | +0.80} +1.03} G6/8 III 
5 Lac 8572 | 22 2955.7 | +4745 21 | cd6 4.36) +1.11} +1.68} MOI+B8 V 
29 p? Cep SOL | 2229 575i -+718152.28 6 5.50] +0.08} +0.07} A3V 
6° Gru 8560 | 22 30 19.3 | —43 4201 | d 4.11] +1.71] +1.57| Mé4.5 Ula 
6 Lac 8579 | 22 3054.0} +43 1020 | 6 4.51 | —0.74| —0.09} B2IV 
Sf o Aqr 8573 | 22 31 08.9 | —10 3745 | d6 4.82} —0.11} —0.06| AOIV 
of a Lac 8585 | 22 31 41.1} +50 1953 | d 3.77| 0.00} +0.01} Al Va 
i17/ B PsA | 8576 — | 22 32 02.6| —32 1750 | d7 4.29 | +0.02| +0.01| Al Va 
59 v Aqr 8592 | 22 35 12.7 | —20 39 34 5.20] 0.00} +0.44| FSV 
62 n Aqr 8597 | 22 35 50.7 | —00 04 06 4.02 | —0.26| —0.09]} B9IV—V:n 
3] Cep 8615 | 22 36 00.2 | +73 41 33 5.08 | +0.16| +0.39) F3 I-IV 
63 kK Aqr 8610 | 22 38 14.9} —04 10 44 | d 5.03 | +1.16] +1.14] K1.5 Ib CN 0.5 
30 Cep 8627 | 22 3859.4} +63 38 02 | 6 5.19} 0.00} +0.06} A3IV 
10 Lac 8622 | 22 39 41.3] +3906 00 | ad 4.88} —1.04| —0.20; O9 V 
8626 | 22 4000.2 | +37 38 33 | sd 6.03 +0.86| G3 Ib—II: CN—1 CH 2 Fe—1 
11 Lac 8632 | 22 40 56.0} +44 19 34 4.46} +1.36} +1.33] K2.5 III 
18 e PsA | 8628 | 2241 10.8) —26 59 38 4.17| —0.37| —0.11] B8 Ve 
42 Gees 8634 | 22 4156.2) +105252 | d 3.40} —0.25 | —0.09| B8.5 Ul 
B Gru 8636 | 22 43 13.9} —46 50 05 2.10) +1.67| +1.60| M4.5 
44 n Peg 8650 | 22 43 26.9] +30 16 16 | cd6 2.94| +0.55| +0.86| G8 II+ FOV 
13 Lac 8656 | 22 44 31.0) +41 5209 | d 5.08 | +0.78 | +0.96| KO III 
B Oct 8630 | 22 4658.8) —81 1953 | 6 4.15} +0.11} +0.20} A7 II—IV 
47 ees 8667 | 22 4659.4) +23 3657 3.95 | +0.91 | +1.07] G8 Ila CN 0.5 
46 E— Peg 8665 | 2247 10.1} +1213 19 | d 4.19} —0.03| +0.50| F6 V 


H30 BRIGHT STARS, J2009.5 


= 
Flamstegy bayer onal an Declination | Notes} V | U-—B| B—V Spectral Type 
Designation No. | Ascension | 
h m s On a 
68 Agr | 8670 | 22 4803.7} —19 33 49 5.26| +0.59| +0.94} G8 III 
€ Gru | 8675 | 22 4907.5} —51 1600 3.49 | +0.10] +0.08| A2 Va 
52 t Cep | 8694 | 225001.2} +66 1502 | s 3.52} +0.90} +1.05] KO” Il 
71 t Agr | 8679 | 225005.6| —13 3232 |d 4.01] +1.95| +1.57} MO III 
48 fe Peg 8684 | 2250 27.8} +24 3907 | s 3.48 | +0.68 | +0.93] G8* Il 
8685 | 2251 34.4 | —39 06 23 5.42} +1.69|} +143} K3 III 
22 y PsA | 8695 | 2253 03.1 | —32 49 30 | d7 4.46 | —0.14} —0.04} AOm Al III—IV 
Tie A Agr | 8698 | 2253 06.6} —07 31 44 3.74| +1.74| +1.64) M2.5 III Fe—0.5 
8748 | 22 54 18.4 | +84 23 49 4.71 | +1.69} +1.43| K4 TI 
76 & Agr | 98709" /22755109'2)) 1546.12 3.27 | +0.08| +0.05| A3IV—V 
23 0) PSA 98720 | 22556 281332129 19) id 4.21} +0.69| +0.97| G8 III 
8726 | 225651.1 | +49 4704 | s 4.95 | +1.96| +1.78| K5 Ib 
24 a PsA | 8728 | 2258 10.4] —29 3418 |a 1.16} +0.08 |} +0.09] A3 Va 
S132 || 2275910616) Soro Is 6.13 +0.58| F8 II—IV 
v509 Cas 8752 | 23 00 29.3 | +5659 47 | s 5.00 | +1.16] +1.42] G4v0 
Gru | 8747 | 23 01 26.2] —52 4211 |6 4.12 | +0.70| +0.98| G8/KO II 
1 o And | 8762 | 2302 21.6) +42 22 38 | d6 3.62 | —0.53 | —0.09| Bé6pe (shell) 
mz PsA | 8767 | 230401.2| —344152 | 6 Set t- 0:02 02291) VON: 
a5 Biibes: 8775 | 23 04 14.2 | +28 08 04 | d 2.42 | +1.96} +1.67| M2.5 II—DI 
4 jo jekse 8773 | 23 04 21.6} +03 52 17 4.53 | —0.49 | —0.12| B6 Ve 
54 a Peg 8781 | 2305 14.1} +15 1523 |6 2.49 | —0.05| —0.04) AO TI—IV 
86 Aqr | 8789 | 23 07 11.4| —23 4130 |d 4.47| +0.58| +0.90| G6 IIIb 
@ Gru | 8787 | 23 07 24.7 | —43 2808 | d7 4.28 | +0.16! +0.42} FS (I—IID)m 
55 Peg 8795 | 23 07 29.0 | +09 27 39 4.52) +1.90| +1.57} M1 Ilab 
33 mz Cep | 8819 | 2308 12.1) +75 2620 | d67 4.41} +0.46) +0.80} G2 If 
88 Aqr |. 8812 | 23'0957.1 | —21.07 15 3.66} +1.24| +1.22} K1.5 Il 
t Gru | 8820 | 23 1053.6! --45 1142 | 6 3.90 | +0.86] +1.02} K1 I 
59 Peg 8826 | 23 12 13.0 | +08 46 19 5.16 | +0.08 | +0.13| A3 Van 
90 o@ Agr | 8834 | 23 1448.9 | —05 59 52 4.22 | +1.90) +1.56] M1.5 Ill 
91 w' Agr | 8841 | 23 16 23.3} —090209 | d 4.21) +0.99|} +1.11} K1~ Il Fe—0.5 
6 7 Bse 8852 | 23 1739.5 | +03 2004 | s 3.69) +0.58] +0.92) G9 III: Fe—2 
y Tuc 8848 | 23 1758.7 | —58 11 01 3.99 | —0.02| +0.40] F2V 
93 w? Agr | 8858 | 23 18 23.8 | —09 07 50 4.39 | —0.56| —0.15} B5 Vn 
y scl 8863 | 23 19 20.1 | —32 28 49 4.41) +1.06) +113} KIO 
95 yw? Agr | 8865 | 23 19 27.3] —093331 |d 4.98 | —0.02 | —0.02} AO Va 
62 mbes 8880 | 23 21 06.5 | +23 47 33 | v 4.60 | +0.10) +0.17} ASV 
98 Aqr | 8892 | 23 23 28.1] —2002 55 3:97-0:95) =F 110} Keri 
4 Cas 8904 | 23 25 15.8 | +62 2006 | d 4.98 | +2.07| +1.68] M27 Ilab 
68 v_ Peg 8905 | 23 25 51.3 | +23 27 23 | s 4.40) +0.14] +0.61 | F8 III 
99 Aqr | 8906 | 23 26 32.7| —20 35 24 4.39) +1.81]} +1.47| K4.5 III 
8 kK Pse 8911 -| 23 27 25.2 | +01 1828 | d 4.94 | —0.02| +0.03} AOp Cr Sr 
10 GQ eke 8916 | 23 28 27.0] +06 25 53 4.28 | +1.01| +1.07| KO.5 Il 
Tact 8862 | 23 29 12.2 | —87 25 47 5.49} +1.43] +1.27| K2 1 
70 Peg 8923 | 23 29 38.2 | +12 48 47 4.55} +0.73 | +0.94| G8 Ila 
8924 | 23 3001.5 | —04 2851 | s 6.25 | +1.16| +1.09} K3~ IIIb Fe 2 
B Sel 8937 | 23 33 28.7 | —37 45 56 4.37) —0.36| —0.09| B9.5p Hg Mn 
8952 | 2335 24.1] +71 4141 |s 5.84 | +1.73| +1.80} G9 Ib 
t Phe 8949 | 23 35 35.1) —42 3345 | d 4.71 | +0.07] +0.08}| Ap Sr 
16 A And | 8961 | 23 38 01.9} +46 3035 | vd6 3.82 | +0.69| +1.01] G8 III—-IV 
8959 | 23 38 21.5 | —45 26 23 | 6 4.74 | +0.09 | +0.08) A1l/2 V 


BRIGHT STARS, J2009.5 H31 


Flamsteed/Bayer | BS= i sa 
D Scnationl a ae Declination Spectral Type 
h m s lh eee 
17 t And | 8965 | 23 38 36.3] +43 19 15 B8 V 
35 Va@ep 8974 | 23 39 44.7 | +7741 07 K1 II—-IV CN 1 
17 be Ee 8969 | 23 40 26.4] +05 40 40 F7V 
19 k And | 8976 | 23 4052.7] +44 23 12 B8 IVn 
jeaescl 8975 | 23 41 08.0 | —32 01 14 KO Il 
18 jy Jee 8984 | 23 42 31.9} +01 49 56 A6 IV~ 
105 w Aqr 8988 | 23 43 12.9 | —14 29 32 B9.5 IV 
106 Aqr 8998 | 23 44 41.6 | —18 13 27 B9 Vn 
20 w And | 9003 | 23 46 30.5 | +46 28 23 | d G3 Ib—I 
9013 | 23 48 22.4 | +6751 35 | 6 Al Vn 
20 Psc 9012 | 23 48 25.8) —02 42 32 | d 5.49 | +0.70 | +0.94 | gG8 
Sell 9016 | 23 49 25.2) —28 0440 | d 4.57} —0.03] +0.01} AO Vatn 
81 pd Peg 9036 | 23 52 58.4] +19 10 23 5.08} +1.86] +1.60} M3~ IIIb 
82 HT Peg 9039 | 23 53 06.2) +11 0001 5.31} +0.10} +0.18} A4 Vn 
7 p Cas 9045 | 23 5451.8 | +57 33 08 4.54} +1.12| +1.22] G20 (var) 
84 w Peg 9064 | 2358 14.7} +25 1139 |d 4.66 | +1.68 | +1.59| M3 III 
27 Psc 9067 | 23 59 09.6 | —03 30 12 | d6 4.86 | +0.70| +0.93) G9 II 
z Phe 9069 | 23 59 25.1 | —52 41 34 5.13] +1.03} +1.13} KO III 
28 @ Psc 9072 | 2359 48.0 | +06 5457 | 6 4.01 | +0.06 | +0.42| F3V 


Notes to Table 


anchor point for the MK system 

composite or combined spectrum 

double star given in Washington Double Star Catalog 

orbital position generated using FK5 center—of—mass position and proper motion 
MK standard star 

star given in Hipparcos Periodic Variables list 

spectroscopic binary 

magnitude and color refer to combined light of two or more stars 


NA< FORA & 


Www A searchable version of this table appears on The Astronomical Almanac Online. 


This symbol indicates that these data or auxiliary material 
may also be found on The Astronomical Almanac Online 
at http://asa.usno.navy.mil and http://asa.hmnao.com 


H32 


BS=HR WDS 


No. 


126 
154 
361 
382 
531 


596 
603 
681 
681 
897 


1279 
1412 
1497 
1856 
1879 


1931 
1931 
1931 
1983 
2298 


2736 
2891 
8223 
3207 
3315 


3475 
3582 
3890 
4031 
4057 


4180 
4191 
4203 
4257 
4259 


4314 
4369 
4418 
4621 
4730 


4792 
4898 
4915 
4993 
5035 


5054 
5054 
ol 7/I 
5350 
5460 


SELECTED DOUBLE STARS, J2009.5 


No. 


00315—6257 
00369+3343 
01137+0735 
01201+5814 
01496-1041 


02020+0246 
02039+4220 
02193—0259 
02193—0259 
02583—4018 


04077+1510 
04287+1552 
04422+2257 
05302—4705 
05351+0956 


05387—0236 
05387—0236 
05387—0236 
05445—2227 
06238+0436 


07087—7030 
0734643153 
08079—6837 
08095—4720 
08252—2403 


08467+2846 
08570—5914 
09471—6504 
10167+2325 
10200+1950 


10393—5536 
10435+4612 
10459+3041 
10535—5851 
10556+2445 


11053—2718 
11170—0708 
11279+0251 
12084—5043 
12266—6306 


12351+1823 
12546-5711 
12560+3819 
13152—6754 
13226—6059 


13239+5456 
13239+5456 
13472—6235 
14162+5122 
14396—6050 


ee. Declination a aac Epoch! | P.A. | Separation of a: te Amy 
h m Ss Ge ° " 
00 31 58.6 | —62 5422 | LCL 119 AC 2002 168 26.6 4.28 0.23 
00 37 23.4 | +334617 | H5 17 Aa—B 2006 IIIf) BS 4.32 2.76 
01 14 13.7 | +07 3731 | STF 100 AB 2006 63 22, 5.22 0.93 
01 20 41.2 | +58 1653 | H3 23 AC 2001 233 13533 5.07 U97 
0150 03.1 | —1038 23 | ENG8 2001 251 184.7 4.69 2.12 
02 02 32.4 | +02 48 33 | STF 202 AB 2009.5 | 26S 1.8 4.10 1.07 
02 04 29.2 | +42 22 30 | STF 205 A—BC_ | 2004 63 25) 23M P29 fh) 
02 19 49.6 | —02 5606 | H61 Aa—C 2009.5 69 122.9 6.65 2.94 
02 19 49.6 | —02 5606 | STG 1 Aa—D 1921 319 148.5 6.65 2.65 
02 58 37.3 | —401601 | PZ2 2002 90 8.4 3.20 0.92 
0408 14.3 | +15 1115 | STF 495 2006 223 3.8 6.11 2.66 
04 29 12.4 | +1553 29 | STFA 10 2002 348 336.7 3.41 0.53 
04 42 49.0 | +2258 28 | S455 Aa—B 1999 214 63.0 4.24 2.78 
05 30 25.2 | —4704 16 | DUN 21 AD 2000 271 197.7 5.52 1.16 
05 35 39.7 | +09 56 23 | STF 738 AB 2006 44 4.4 3.5 1.94 
05 39 13.4 | —02 35 43 | STF3135 1998 324 207.8 3.76 4.10 
05 39 13.4 | —02 35 43 | STF 762 AB—D | 2002 84 L2H 3.76 2.80 
05 39 13.4 | —02 3543 | STF 762 AB—E_ | 2003 62 41.5 3.76 2.58 
05 4451.6 | —22 2645 | H640 AB 2002 350 OTA 3.64 2.64 
06 24 16.3 | +04 35 14 | STF 900 AB 2004 29 121 4.42 Pee, 
07 08 39.9 | —70 3051 | DUN 42 2002 296 14.4 3.86 ayy! 
07 35 12.2 | +31 5200 | STF1110 AB 2009.5 57 4.6 1.93 1.04 
08 07 57.4 | —68 3842 | RMK7 1999 24 6.0 4.38 2.93 
08 09 49.5 | —47 2154 | DUN 65 AB 2002 219 41.0 1.79 2:35 
08 25 28.4 | —24 04 39 | S 568 2001 90 42.2 5.48 2.95 
08 47 16.2 | +28 43 28 | STF1268 2003 308 30.7 4.13 1.86 
08 57 12.3 | —59 1558 | DUN 74 199] 76 40.1 4.87 ibe 
09 47 20.4 | —65 0658 | RMK 11 2000 129 5.0 3.02 2.98 
10.17 13.0,} +23 2211 | STFA 18 2002 338 333.8 3.46 257) 
10 20 29.7 | +19 4735 | STF1424 AB 2009.5 | 126 4.6 237 1.30 
10 39 41.2 | —55 39 10 | DUN 95 AB 2000 105 Sie 4.38 1.68 
10 44 06.2 | +4609 13 | SMA 75 AB 2002 88 288.4 ays 2.14 
10 46 23.5 | +30 3755 | S 612 2002 174 196.5 5.34 2.44 
10 53 53.0 | —58 54 14 | DUN 102 AB 2000 204 159.4 3.88 AUS 
10 56 07.6 | +2441 56 | STF1487 2006 142 6.5 4.48 1.82 
11 05 47.4 | —27 20 42 | LDS6238 AC 1960 46 18.0 4.92* 0.20 
11 1727.1 | —07 1112 | BU 600 AC 2009.5 99 pe, 6.15 2.07 
11 28 25.6 | +02 48 14 | STFA 19 AB 2009.5 | 181 88.8 5.05 2.42 
12 08 51.2 | —50 4631 | JC2 AB 1999 325 269.1 2251 1.91 
12 27 08.0 | —63 0906 | DUN 252 AB 2002 114 4.0 125 0.30 
12 35 36.3 | +18 1930 | STF1657 2006 271 20.2 Sed 1322 
12 55 09.5 | —57 13 46 | DUN 126 AB 2002 18 34.8 3.94 1.01 
12 56 28.3 | +38 1602 | STF1692 2004 229 1973 2.85 2.67 
13 15 54.2 | —675641 | DUN 131 AC 2002 332 58.4 4.76 2.48 
13 23 15.2 | —6102 16 | DUN 133 AB—C | 2000 346 60.7 4.51* 1.66 
13 24 18.4 | +5452 33 | STF1I744 AB 2006 153 14.3 Diese) 1.65 
13 24 18.4 | +5452 33 | STFI744 AC 1991 71 708.5 223 1.78 
13 47 51.1 | —62 38 13 | COO 157 AB 199] 321 a TAS repr ll 
14 16 30.1 | +51 1925 | STFA 26 AB 2004 34 3917. 4.76 2.63 
14 40 14.5 | -6052 28 | RHD 1 AB 2009.5 | 243 72 —0.01* 1.36 


SELECTED DOUBLE STARS, J2009.5 


H33 


BS=HR WDS Right | peslings Discoverer 1 

No. No. Ascension ge? Designation se es 
hy a. 4s oi Wi 

5459 | 14396—6050 | 1440 15.4 | —605225 | RHD1BA 2009.5 
5506 | 14450+2704 | 14 45 24.1 | +2702 04 | STF1877 AB 2006 
5531 14509—1603 | 1451 24.3 | —160451 | SHJ 186 AB 2002 
5646 | 15119—4844 | 15 12 36.0 | —48 46 24 | DUN 177 2002 143 26.1 
5683 | 15185-4753 | 15 19 11.9 | —4754 34 | DUN 180 AC 2002 Oa 22.7 
5733 | 15245+3723 | 15 2451.0 | +372039 | STFA 28 Aa—BC | 2002 170 107.1 
5789 | 15348+1032 | 15 35 15.4 | +103027 | STF1954 AB 2009.5 | 173 4.0 
5984 | 16054-1948 | 1605 59.5 | —194951 | H37AC 2005 24 eal 
5985 | 16054—1948 | 16 05 59.8 | —194938 | H37CA 2005 204 13.1 
6008 | 16081+1703 | 16 08 30.3 | +1701 20 | STF2010 AB 2009.5 13 27.0 
6027 | 16120-1928 | 16 12 32.9} —19 2905 | H56 Aa—C 2005 336 41.2 
6077 | 16195—3054 | 16 20 08.9 | —3055 45 | BSO 12 2006 318 23.4 
6020 | 16203—7842 | 16 21 47.7 | —78 4305 | BSO 22 AB 2000 10 103.3 
6115 | 16272—4733 | 16 27 53.0 | —47 3432 | HJ 4853 2002 335 22.8 
6406 | 17146+1423 | 17 15 04.9 | +1422 48 | STF2140 Aa—B | 2009.5 | 104 4.6 
6555 | 17322+5511 | 17 32 27.3 | +55 1000 | STFA 35 2006 311 62.5 
6636 | 17419+7209 | 17 41 46.3 | +72 08 38 | STF2241 AB 2009.5 16 30.3 
6714 | 18006+0256 | 18 01 07.3 | +025554 | H62 AC 2003 142 54.3 
6752 | 18055+0230 | 18 05 56.0 | +02 2956 | STF2272 AB 2009.5 | 132 Si 
7056 =| 18448+3736 | 18 45 06.0 | +37 3656 | STFA 38 AD 2005 150 43.6 
7141 18562+0412 | 1856 41.5 | +04 1300 | STF2417 AB 2006 104 22.4 
7405 | 19287+2440 | 19 29 06.1 | +244105 | STFA 42 2009.5 28] 426.7 
7417 | 19307+2758 | 19 31 06.3 | +2758 48 | STFA 43 Aa—B_ | 2006 54 34.4 
7476 =| 19407-1618 | 19 41 16.0 | —16 1615 | HJ 599 AC 2003 42 44.7 
7503 | 19418+5032 | 19 42 04.1 | +503251 | STFA 46 Aa—B_ | 2009.5 | 133 397 
7582 | 19482+7016 | 19 48 08.2 | +70 1731 | STF2603 2005 20 3.2 
7735 | 20136+4644 | 20 1355.9 | +46 4614 | STFAS50 Aa—D | 1999 323 | 336.4 
7754 | 20181—1233 | 20 18 34.8 | —12 3053 | STFA 51 AE 2002 2925 3812 
7776 | 20210—1447 | 20 21 32.6 | —144503 | STFA 52 Aa—Ba | 2002 267 | 206.0 
7948 | 20467+1607 | 20 47 06.0 | +1609 32 | STF2727 2009.5 | 265 9.1 
8085 | 21069+3845 | 21 07 19.5 | +38 47 48 | STF2758 AB 209 Fm fale 312 
8086 | 21069+3845 | 21 07 20.8 | +38 47 20 | STF2758 BA 200958 19381 Ske 
8097 | 21103+1008 | 21 1048.2 | +10 1013 | STFA 54 AD 2001 152 || “SS7e7. 
8140 | 21199-5327 | 21 20 32.3 | —53 2433 | HJ 5258 2009.5 | 269 Tal 
8417 | 22038+6438 | 22 0404.0 | +6440 28 | STF2863 Aa—B | 2009.5 | 274 8.3 
8559 | 22288—0001 | 22 29 19.2 | +0001 44 | STF2909 2009.5 | 174 2, 
8571 | 2229245825 | 22 29 31.5 | +58 2750 | STFA 58 AC 2004 191 40.5 
8576 | 22315=3221 | 22 32'02'6 | —32.17 50 | PZ 7 2006 17} 30.0 
8695 | 22525-3253 | 22 53 03.1 | —32 4930 | HJ 5367 1992 258 4.0 


nN 


Epoch represents the date of position angle and separation data. Data for Epoch 2009.5 are calculated; 


Notes to Table 


data for all other epochs represent the most recent measurement. In the latter cases, the system 
configuration at 2009.5 is not expected to be significantly different. 
Visual magnitudes are Tycho V except where indicated by ‘*’; in those cases, the magnitudes are 


Hipparcos V. ‘Primary’ is not necessarily the brighter object, but is the object used as the origin of the 
measurements for the pair. 


Amy 


1.36 
Depp) 
2.45 
1.69 
1.35 


2.76 
0.99 
1.93 
193 
11 


2.39 
1.33 
0.51 
1.61 
1.92 


0.03 
0.99 
4.10 
i A2)5) 
1.28 


0.34 
132 
1.49 
2.23 
0.23 


2.86 
0.90 
0.67 
295 
0.67 


0.75 
0.75 
1.36 
2.43 
1.95 


0.15 
1.90 
2.84 
3.70 


H34 UBVRI STANDARD STARS, J2009.5 
Name Ree | Declination V B-V 
Ascension 
him ¥s OP Wie 
TPHE A 00 30 37 —46 28 20 14.651 +0.793 | +0.380 
TPHE C 00 30 44 —46 29 13 14.376 | —0.298 —1.217 
TPHE D 60 30 46 —46 28 11 13.118 | +1.551 +1.871 
TPHE E 00 30 47 —46 21 27 11.630 | +0.443 | —0.103 
92 245 00 54 45 +00 43 00 13.818 | +1.418 | +1.189 
92 249 00 55 03 +00 44 10 14.325 | +0.699 | +0.240 
92 250 00 55 06 +00 42 02 13.178 | +0.814 | +0.480 
92 252 00 55 16 +00 42 29 14.932 | +0.517 —0.140 
92 253 00 55 21 +00 43 24 14.085 | +1.131 +0.955 
92 342 00 55 39 +00 46 18 11.613 | +0.436 | —0.042 
92 410 00 55 44 +01 04 56 14.984 | +0.398 —0.134 
92 412 00 55 45 +01 04 59 15.036 | +0.457 | —0.152 
92 260 00 55 58 +00 40 12 US{O7H +1.162 | +1.115 
92 263 00 56 09 +00 39 24 11.782 | +1.048 | +0.843 
92 425 00 56 27 +00 56 03 13.941 +1.191 +1.173 
92 426 00 56 29 +00 55 59 14.466 ; +0.729 | +0.184 
92 355 00 56 35 +00 53 51 14.965 | +1.164 | +1.201 
92 430 00 56 44 +00 56 23 14.440 | +0.567 —0.040 
92 276 00 56 56 +00 44 55 12.036 | +0.629 | +0.067 
92 282 00 57 16 +00 41 34 12.969 | +0.318 —0.038 
92 288 00 57 46 +00 39 53 11.630 | +0.855 | +0.472 
Fill 01 04 51 +04 16 40 12.065 —0.240 | —0.978 
F 16 01 54 37 —06 40 07 12.406 | —0.012 | +0.009 
935317 0155 07 +00 45 47 11.546 | +0.488 —0.055 
93 333 0155 35 +00 48 29 12.011 +0.832 | +0.436 
93 424 01 55 56 +00 59 29 11.620 | +1.083 | +0.943 
G3 33 02 00 38 +13 06 04 12.298 | +1.804 | +1.316 
B22 02 30 47 +05 18 21 12.799 | —0.054 —0.806 
PG0231+051A | 0234 10 +05 20 09 12.772 | +0.710 | +0.270 
PG0231+051 02 34 11 +05 21 13 16.105 | —0.329 | —1.192 
PG0231+051B 02 34 15 +05 20 02 14.735 | +1.448 | +1.342 
F 24 02 35 37 +03 46 25 12.411 —0.203 —1.169 
94 171 02 54 08 +00 19 37 12.659 | +0.817 | +0.304 
94 242 02 57 50 +00 20 55 11.728 | +0.301 +0.107 
94 251 02 58 16 +00 18 18 11.204 | +1.219 | +1.281 
94 702 02 58 43 +01 13 10 11.594 | +1.418 | +1.621 
GD 50 03 49 19 —00 56 51 14.063 —0.276 | —1.191 
95 301 03 53 10 +00 33 02 11.216 | +1.290 | +1.296 
95 302 O3'S3n2 +00 32 58 11.694 | +0.825 | +0.447 
95 96 03 53 23 +00 01 59 10.010 | +0.147 | +0.072 
95 190 03 53 43 +00 18 02 12.627 | +0.287 +0.236 
95 193 03 53 50 +00 18 14 14.338 | +1.211 +1.239 
95 317 03 54 13 +00 31 29 13.449 | +1.320 | 41.120 
95 42 03 54 13 —00 02 55 15.606 | —0.215 —1.111 
95 263 03 54 16 +00 28 20 12.679 | +1.500 | +1.559 


UBVRI STANDARD STARS, J2009.5 


H35 


Name 


95 43 

927A 
95 328 
951329 
95 330 


95275 
95 276 
95 60 

95 218 
95 132 


95 62 
95 227 
95 142 
95 74 
9523) 


95 284 
95 149 
95 236 
96 36 

96 737 


96 83 
96 235 
G97 42 
G102 22 
GD 71 


97 249 
97 345 
97 351 
97 75 

97 284 


98 563 
98 978 
98 581 
98 618 
98 185 


98 193 
98 650 
98 653 
98 666 
98 671 


98 670 
98 675 
98 676 
98 682 
98 688 


: ae (a 
ae Declination V B-V U-—B oa R R- 
hm i s o 2 wile 

03 54 18 —00 01 22 10.803 | +0.510 | —0.016 | +0.308 | +0.316 
03 54 46 +00 20 31 13.669 | +1.287 | +0.916 | +0.734 | +0.717 
03 54 49 +00 38 11 13.525 | +1.532 | +1.298 | +0.908 | +0.868 
03 54 53 +00 38 46 14.617 | +1.184 | +1.093 | +0.766 | +0.642 
03 55 00 +00 30 44 12.174 | +1.999 | 42.233 | +1166 | +1.100 
03 55 14 +00 28 59 13.479 | +1.763 | +1.740 | +1.011 +0.931 
03 55 15 +00 27 33 14.118 | +1.225 | +1.218 | +0.748 | +0.646 
03 55 19 —00 05 25 13.429 | +0.776 | +0.197 | +0.464 | +0.449 
03 55 19 +00 11 47 12.095 | +0.708 | +0.208 | +0.397 | +0.370 
03 55 21 +00 07 00 12.064 | +0.448 | +0.300 | +0.259 | +0.287 
03 55 30 —00 01 16 13.538 | +1.355 | 41.181 +0.742 | +0.685 
03 55 38 +00 16 13 15.779 | +0.771 +0.034 | +0.515 | +0.552 
03 55 39 +00 02 59 12.927 +0.588 | +0.097 | +0.371 +0.375 
03 56 00 —00 07 35 11.531 +1.126 | +0.686 | +0.600 | +0.567 
03 56 08 +00 12 21 14.216 | +0.452 | +0.297 | +0.270 | +0.290 
03 56 11 +00 28 16 13.669 | +1.398 | +1.073 | +0.818 | +0.766 
03 56 14 +00 08 41 10.938 | +1.593 | +1.564 | +0.874 | +0.811 
03 56 43 +00 10 25 11.491 +0.736 | +0.162 | +0.420 | +0.411 
04 52 12 —00 09 14 10.591 +0.247 | +0.118 | +0.134 | +0.136 
04 53 05 +00 23 25 11.716 | +1.334 | +1.160 | +0.733 | +0.695 
04 53 28 —00 13 47 11.719 | +0.179 | +0.202 | +0.093 | +0.097 
04 53 48 —00 04 07 11.140 | +1.074 | +0.898 | +0.559 | +0.510 
05 28 32 +09 39 39 12.443 | +1.639 | +1.259 | +1.171 +1.485 
05 42 43 +12 29 21 11.509 | +1.621 +1.134 | +1.211 +1.590 
05 53 00 +15 53 18 13.032 —0.249 | —1.107 | —0.137 | —0.164 
05 57 37 +00 01 14 11.733 | +0.648 | +0.100 | +0.369 | +0.353 
05 58 02 +00 21 18 11.608 | +1.655 | +1.680 | +0.928 | +0.844 
05 58 07 +00 13 46 9.781 +0.202 | +0.096 | +0.124 | +0.141 
05 58 24 —00 09 27 11.483 | +1.872 | +2.100 | +1.047 | +0.952 
05 58 54 +00 05 15 10.788 +1.363 | +1.087 | +0.774 | +0.725 
06 52 01 —00 27 08 14.162 | +0.416 | —0.190 | +0.294 | +0.317 
06 52 03 —00 12 14 10.572 | +0.609 | +0.094 | +0.349 | +0.322 
06 52 09 —00 26 25 14.556 | +0.238 | +0.161 +0.118 | +0.244 
06 52 19 —00 21 59 12.723 | +2.192 | +2.144 | 41.254 | +1.151 
06 52 31 —00 28 05 10.536 | +0.202 | +0.113 | +0.109 | +0.124 
06 52 32 —00 28 02 10.030 | +1.180 |} +1.152 | +0.615 | +0.537 
06 52 34 —00 20 21 12.271 +0.157 | +0.110 | +0.080 | +0.086 
06 52 34 —00 19 01 9.539 —0.004 | —0.099 | +0.009 | +0.008 
06 52 39 —00 24 15 12732 +0.164 | —0.004 | +0.091 +0.108 
06 52 41 —00 19 09 13.385 +0.968 | +0.719 | +0.575 +0.494 
06 52 41 —00 20 00 11.930 | +1.356 | +1.313 | +0.723 | +0.653 
06 52 42 —00 20 24 13.398 +1.909 | +1.936 | +1.082 | +1.002 
06 52 43 —00 20 03 13.068 +1.146 | +0.666 | +0.683 | +0.673 
06 52 46 —00 20 24 13.749 | +0.632 | +0.098 | +0.366 | +0.352 
06 52 48 —00 24 16 12.754 | +0.293 | +0.245 | +0.158 | +0.180 


I View 


+0.624 
+1.453 
ae 1463 
+1.410 
+2.268 


+1.944 
files 95 
+0.914 
+0.767 
+0.545 


+1.428 
+1.067 
+0.745 
+1.165 
+0.560 


+1.586 
+1.685 
+0.831 
+0.271 
+1.428 


+0.190 
+1.068 
+2.655 
+2.800 
—0.302 


+0.723 
sell 
+0.264 
+1.999 
+1.500 


+0.610 
+0.671 
+0.361 
+2.407 
+0.231 


SiS 
+0.166 
+0.017 
+0.200 
SOL 


Se Ne3i/a) 
+2.085 
selisa2 
+0.717 
+0.337 


H36 UBVRI STANDARD STARS, J2009.5 
Name Baebe Declination V B-V 
Ascension 
He eas Ci 
98 685 06 52 48 —00 21 03 11.954 +0.463 
98 1087 06 52 50 —00 16 34 14,439 +1.595 
98 1102 06 52 57 —00 14 27 12/113 +0.314 
98 1119 06 53 06 —00 15 15 11.878 +0.551 
98 724 06 53 06 —00 20 04 11.118 +1.104 
98 1124 06 53 07 —00 17 17 13.707 +0.315 
98 1122 06 53 07 —00 17 47 14.090 +0.595 
98 733 06 53 09 —00 17 58 12.238 +1.285 
RU 149G 07 24 41 —00 33 07 12.829 +0.541 
RU 149A 07 24 42 —00 34 02 14.495 +0.298 
RU 149F 07 24 43 —00 32 47 13.471 +1.115 
RU 149 07 24 43 —00 34 13 13.866 —0.129 
RU 149D 07 24 44 —00 33 56 11.480 —0.037 
RU 149C 07 24 46 —00 33 34 14.425 +0.195 
RU 149B 07 24 47 —00 34 15 12.642 +0.662 
RU 149E 07 24 48 —00 32 27 13.718 +0.522 
RU 152E 07 30 23 —02 06 44 12.362 +0.042 
RU 152F 07 30 23 —02 06 05 14.564 +0.635 
RUi 152 07 30 27 —02 07 51 13.014 —0.190 
RU 152B 07 30 28 —02 07 11 15.019 +0.500 
RU 152A 07 30 29 —02 07 36 14.341 +0.543 
RUW52€ 07 30 31 —02 06 52 12:222 +0.573 
RU 152D 07 30 35 —02 05 51 11.076 +0.875 
99 438 07 56 23 —00 18 21 9.398 —0.155 
99 447 07 56 36 —00 22 15 9.417 —0.067 
100 241 08 53 03 —00 41 59 10.139 +0.157 
100 162 08 53 44 —00 45 41 9.150 +1.276 
100 280 08 54 05 —00 38 52 11.799 +0.494 
100 394 08 54 24 —00 34 33 11.384 +1.317 
PG0918+029D 09 21 52 +02 45 01 12.272 +1.044 
PG0918+029 09 2158 +02 43 35 13327 —0.271 
PG0918+029B 09 22 03 +02 45 32 13.963 +0.765 
PG0918+029A 09 22 05 +02 43 53 14.490 +0.536 
PG0918+029C 09 22 12 +02 44 10 13537 +0.631 
—12 2918 09 31 47 —13 3151 10.067 +1.501 
PG0942—029 09 45 41 —03 12 00 14.004 —0.294 
101 315 09 55 20 —00 30 14 11.249 +1.153 
101 316 09 55 21 —00 21 17 1352 +0.493 
101 320 09 56 02 —00 25 16 13.823 +1.052 
101 404 09 56 10 —00 21 05 13.459 +0.996 
101 324 09 56 26 —00 25 58 9.742 +1.161 
101 326 09 56 37 —00 29 54 14.923 +0.729 
101 327 09 56 38 —00 28 37 13.441 +1.155 
101 413 09 56 43 —00 14 38 12.583 +0.983 
101 268 09 56 46 —00 34 40 14.380 +1.531 


UBVRI STANDARD STARS, J2009.5 


64 Right Seek i 
ame ICN Declination V B=V = U-—B V—-R 
bh m ss a» 
101 330 09 56 50 —00 30 06 1323 +0.577 —0.026 +0.346 
101 281 09 57 34 —00 34 27 11.575 +0.812 +0.419 +0.452 
101 429 09 58 01 —00 20 59 13.496 +0.980 +0.782 +0.617 
101 431 09 58 07 —00 20 37 13.684 +1.246 +1.144 +0.808 
101 207 09 58 22 —00 50 20 12.419 +0.515 —0.078 +0.321 
101 363 09 58 48 —00 28 21 9.874 +0.261 +0.129 +0.146 
GD 108 1001 16 —07 36 16 13.561 —0.215 —0.942 —0.098 
G162 66 10 34 11 —11 44 36 13.012 —0.165 —0.996 —0.126 
G44 27 10 36 31 +05 04 14 12.636 +1.586 +1.088 +1.185 
PG1034+001 10 37 33 —00 11 17 13.228 —0.365 —1.274 —0.155 
PG1047+003 10 50 32 —00 03 39 13.474 —0.290 —1.121 —0.132 
PG1047+003A 10 50 35 —00 04 13 13H12 +0.688 +0.168 +0.422 
PG1047+003B 10 50 37 —00 05 06 14.751 +0.679 +0.172 +0.391 
PG1047+003C 10 50 43 —00 03 34 12.453 +0.607 —0.019 +0.378 
G44 40 10 51 21 +06 45 20 11.675 +1.644 +1.213 +1.216 
102 620 10 55 33 —00 51 22 10.069 +1.083 +1.020 +0.642 
G45 20 10 57 10 +06 59 39 13.507 +2.034 +1.165 +1.823 
102 1081 10 57 33 —00 16 17 9.903 +0.664 +0.255 +0.366 
G163 27 10 58 03 —07 34 26 14.338 +0.288 —0.548 +0.206 
G163 50 11 08 29 —05 12 36 13.059 +0.035 —0.688 —0.085 
G163 51 11 08 35 —05 1657 12.576 +1.506 +1.228 +1.084 
G10 50 11 48 14 +00 45 46 11.153 +1.752 +1.318 +1.294 
103 302 11 56 35 —00 51 05 9.861 +0.368 —0.056 +0.228 
103 626 1 S75 —00 26 25 11.836 +0.413 —0.057 +0.262 
G12 43 12 33 45 +08 58 10 12.467 +1.846 +1.085 +1.530 
104 428 12 42 11 —00 29 33 12.630 +0.985 +0.748 +0.534 
104 430 12 42 19 —00 29 00 13.858 +0.652 +0.131 +0.364 
104 330 12 42 41 —00 43 49 15.296 +0.594 —0.028 +0.369 
104 440 12 42 44 —00 27 53 15.114 +0.440 —0.227 +0.289 
104 334 12 42 50 —00 43 36 13.484 +0.518 —0.067 +0.323 
104 239 12 42 52 —00 49 43 13.936 +1.356 +1.291 +0.868 
104 336 12 42 54 —00 43 05 14.404 +0.830 +0.495 +0.461 
104 338 12 4259 —00 41 39 16.059 +0.591 —0.082 +0.348 
104 455 12 43 21 —00 27 24 15.105 +0.581 —0.024 +0.360 
104 457 12 43 23 —00 31 56 16.048 +0.753 +0.522 +0.484 
104 460 12 43 32 —00 31 26 12.886 +1.287 +1.243 +0.813 
104 461 12 43 35 —00 35 25 9.705 +0.476 —0.030 +0.289 
104 350 12 43 43 —00 36 28 13.634 +0.673 +0.165 +0.383 
104 490 12 45 03 —00 28 59 DIST, +0.535 +0.048 +0.318 
104 598 12 45 46 —00 19 48 11.479 +1.106 +1.050 +0.670 
PG1323—086 13 26 09 —08 52 16 13.481 —0.140 —0.681 —().048 
PG1323—086C 13 26 20 —08 51 36 14.003 +0.707 +0.245 +0.395 
PG1323—086B 13 26 21 —08 53 52 13.406 +0.761 +0.265 +0.426 
PG1323—086D 13 26 35 —08 53 33 12.080 +0.587 +0.005 +0.346 
105 437 13 37 46 —00 40 50 12) Bh) +0.248 +0.067 +0.136 


H38 UBVRI STANDARD STARS, J2009.5 
Name Rene Declination V B-V U-B 
Ascension 
hu) eas Sew 
105 815 13 40 32 —00 05 12 11.453 +0.385 —0.237 
+2 2711 13 42 48 +01 27 27 10.367 —0.166 —0.697 
121968 13 59 21 —02 57 37 10.254 —0.186 —0.908 
106 700 14 41 20 —00 26 02 9.785 +1.362 | +1.582 
107 568 15 3822 —00 19 08 13.054 | +1.149 | +0.862 
107 1006 15 39 03 +00 12 29 11.712 | +0.766 | +0.279 
107 456 15 39 12 —00 21 37 12.919 | +0.921 +0.589 
107 351 15 39 15 —00 33 56 12.342 | +0.562 —0.005 
107 592 15 39 20 —00 18 59 11.847 +1.318 | +1.380 
107 599 15 39 39 —00 16 18 14.675 | +0.698 | +0.243 
107 601 15 39 43 —00 15 16 14.646 | +1.412 | +1.265 
107 602 15 39 48 —00 17 20 12.116 | +0.991 +0.585 
107 626 15 40 35 —00 19 18 13.468 | +1.000 | +0.728 
107 627 15 40 37 —00 19 12 13.349 | +0.779 | +0.226 
107 484 15 40 46 —00 23 04 ies! +1.237 +1.291 
107 639 15 41 14 —00 18 59 14.197 +0.640 —0.026 
G153 41 16 18 28 —15 37 15 13.422 —0.205 —1.133 
—12 4523 16 30 49 —12 40 27 10.069 | +1.568 ; +1.192 
PG1633+099 16 35 51 +09 46 41 14.397 —0.192 —0.974 
PG1633+099A 16 35 53 +09 46 45 15.256 | +0.873 +0.320 
PG1633+099B 16 36 00 +09 45 12 12.969 | +1.081 +1.007 
PG1633+099C 16 36 04 +09 45 07 13.229 | +1.134 | +1.138 
PG1633+099D 16 36 07 +09 45 33 13.691 +0.535 —0.025 
108 475 16 37 30 —00 35 46 11.309 | +1.380 | +1.462 
108 551 16 38 17 —00 34 12 10.703 +0.179 | +0.178 
PG1647+056 16 50 46 +05 31 59 14.773 —0.173 —1.064 
PG1657+078 17 00 00 +07 42 42 15.015 —0.149 | —0.940 
109 71 17 44 36 —00 25 11 11.493 +0.323 +0.153 
109 381 17 44 42 —00 20 46 11.730 | +0.704 | +0.225 
109 954 17 44 45 —00 02 29 12.436 | +1.296 | +0.956 
109 231 17 45 49 —00 26 04 9.332 | +1.462 | +1.593 
109 537 17 46 12 —00 21 47 10.353 +0.6009 | +0.227 
G21 15 18 27 42 +04 03 32 13.889 | +0.092 —0.598 
110 229 18 41 15 +00 02 24 13.649 +1.910 | +1.391 
110 230 18 41 21 +00 02 57 14.281 +1.084 | +0.728 
110 233 18 41 22 +00 01 25 12.771 +1.281 +0.812 
110 232 18 41 22 +00 02 29 12.516 +0.729 +0.147 
110 340 18 41 58 +00 15 57 10.025 +0.303 +0.127 
110 477 18 42 12 +00 27 17 13.988 +1.345 +0.715 
110 355 18 42 48 +00 08 59 11.944 | +1.023 +0.504 
110 361 18 43 14 +00 08 40 12.425 +0.632 +0.035 
110 266 18 43 18 +00 05 42 12.018 +0.889 +0.411 
110 364 18 43 22 +00 08 30 13.615 +1.133 +1.095 
110 157 18 43 26 —00 08 23 13.491 +2.123 +1.679 
110 365 18 43 27 +00 07 59 13.470 | +2.261 +1.895 


UBVRI STANDARD STARS, J2009.5 H39 
Name een lisesi V B-V U-B V—R R-I V-I 
- Ne oe aS Qf with 

110 496 18 43 28 +00 31 45 13.004 | +1.040 | +0.737 | +0.607 | +0.681 +1.287 
110 280 18 43 36 —00 03 06 12.996 | +2.151 +2.133_| +1.235 | +1.148 | +2384 
110 499 18 43 37 +00 28 37 11.737 | +0.987 | +0.639 | +0.600 | +0.674 | +1.273 
110 502 18 43 39 +00 28 18 12.330 | +2.326 | +2.326 | +1.373 | +1.250 | +2.625 
110 503 18 43 41 +00 30 19 11.773 | +0.671 +0.506 | +0.373 | +0.436 | +0.808 
110 441 18 44 03 +00 20 17 11.121 +0.555 | +0.112 | +0.324 | +0.336 | +0.660 
110 315 18 44 21 +00 01 26 151637 9002-069 ie 256) |e d06 nn 1330 | eeeo88 
110 450 18 44 21 +00 23 35 11.585 | +0.944 | +0.691 +0.552 | +0.625 | +1.177 
111 773 19 37 45 +00 12 17 8.963 | +0.206 | —0.210 | 40.119 | +0.144 | +0.262 
111775 19 37 46 +00 13 24 10.744 | +1.738 | +2.029 | +0.965 | +0.896 | +1.862 
111 1925 19 37 58 +00 26 21 12.388 | +0.395 | +0.262 | +0.221 +0.253 | +0.474 
111 1965 19 38 11 +00 28 10 11.419 | +1.710 | +1.865 | +0.951 +0.877 | +1.830 
111 1969 193812 +00 27 07 LOBS2 FGF 1E959) 5 =-2:306 | ETAT 7 21222 | eorA00 
111 2039 19 38 34 +00 33 32 12.395 +1.369 | +1.237 | +0.739 | +0.689 | +1.430 
111 2088 19 38 50 +00 32 20 13.193 +1.610 | +1.678 | +0.888 | +0.818 | +1.708 
111 2093 19 38 53 +00 32 45 12.538 | +0.637 | +0.283 | +0.370 | +0.397 | +0.766 
112 595 20 41 48 +00 18 31 11.352 | +1.601 +1.993 | +0.899 | +0.901 +1.801 
112 704 20 42 31 +00 21 12 11.452 | 41.536 | +1.742 | +0.822 | +0.746 | +41.570 
11223 20 42 44 +00 11 04 11.424 | +0.454 | +0.010 | +0.273 | +0.274 | 40.547 
112 250 20 42 56 +00 09 46 12.095 | +0.532 | —0.025 | +0.317 | +0.323 +0.639 
M275 20 43 05 +00 09 24 9.905 | +1.210 | +1.299 | +0.647 | +0.569 | 41.217 
112 805 20 43 16 +00 18 12 12.086 | +0.152 | 40.150 | +0.063 | +0.075 | +0.138 
112 822 20 43 24 +00 17 06 11.549 } +1.031 +0.883 | +0.558 | +0.502 | +1.060 
MARK A2 20 44 26 —10 43 26 14.540 | +0.666 | +0.096 | +0.379 | +0.371 +0.751 
MARK A1 20 44 29 —10 45 07 15.911 +0.609 | —0.014 | +0.367 | +0.373 +0.740 
MARK A 20 44 30 —10 45 37 13.258 —0.242 | —1.162 | —0.115 —0.125 —0.241 
MARK A3 20 44 35 —10 43 33 14.818 | +0.938 | +0.651 +0.587 | +0.510 | +1.098 
WOLF 918 21 09 49 —13 16 08 10.868 | +1.494 | +1.146 | +0.981 +1.088 | +2.065 
113 221 21 41 06 +00 23 40 12.071 +1.031 +0.874 | +0.550 | +0.490 | +1.041 
113 339 21 41 25 +00 30 35 12.250 | +0.568 —0.034 | +0.340 | +0.347 | +0.687 
113 342 21 41 29 +00 30 13 10.878 +1.015 | +0.696 | +0.537 | +0.513 | +1.050 
113 241 21 41 38 +00 28 24 14.352 | +1.344 | 41.452 | +0.897 | +0.797 | +1.683 
113 466 21 41 57 +00 42 52 10.004 |} +0.454 | —0.001 +0.281 +0.282 | +0.563 
113 259 21 42 14 +00 20 17 11.742 | +1.194 | 41.221 +0.621 +0.543 | +1.166 
113 260 PVA VY +00 26 30 12.406 | +0.514 | +0.069 | +0.308 | +0.298 +0.606 
113 475 21 42 20 +00 41 58 10.306 | +1.058 | +0.844 | +0.570 | +0.527 | +1.098 
113 492 21 42 57 +00 40 59 12.174 | +0.553 | +0.005 | +0.342 | 40.341 +0.684 
113 493 21 42 58 +00 40 49 11.767 | +0.786 | +0.392 | +0.430 | +0.393 +0.824 
113 163 21 43 05 +00 19 23 14.540 | +0.658 | +0.106 | +0.380 | +0.355 +0.735 
SBS GA 21 43 26 +00 17 21 13.560 | +0.789 | +0.318 | +0.456 | +0.436 | +0.890 
113 182 21 43 38 +00 17 28 14.370 | +0.659 | +0.065 | +0.402 | +0.422 | 40.824 
113 187 21 43 50 +00 19 32 15.080 | +1.063 | +0.969 | +0.638 +0.535 +1.174 
113 189 QCASTSy/ +00 19 58 15.421 +1.118 | 40.958 | +0.713 +0.605 +1.319 
113 191 21 44 03 +00 18 32 12.337 +0.799 | +0.223 | +0.471 +0.466 | +0.937 
113 195 21 44 10 +00 20 00 13.692 | +0.730 | +0.201 +0.418 | +0.413 | +0.832 


H40 UBVRI STANDARD STARS, J2009.5 
: a | 
Name Rigo Declination V B-V U-B V—R R-I V-I 
Ascension 
Bias ° amir 
G93 48 2152554 +02 25 58 12.739 —0.008 —0.792 —0.097 —0.094 —0.191 
PG2213—006C 22 16 47 —00 19 23 15.109 +0.721 +0.177 +0.426 +0.404 +0.830 
PG2213—006B 22 N6id 1 —00 18 57 12.706 +0.749 +0.297 +0.427 +0.402 +0.829 
PG2213—006A 22 1652 —00 18 36 14.178 +0.673 +0.100 +0.406 +0.403 +0.808 
PG2213—006 22 1658 —00 18 22 14.124 —0.217 —1.125 —0.092 —0.110 —0.203 
G156 31 22 39 04 —15 1459 12.361 +1.993 +1.408 +1.648 +2.042 +3.684 
114 531 22 41 06 +00 54 54 12.094 +0.733 +0.186 +0.422 +0.403 +0.825 
114 637 224112 +01 06 10 12.070 +0.801 +0.307 +0.456 +0.415 +0.872 
114 548 22 42 06 +01 02 05 11.601 +1.362 +1.573 +0.738 +0.651 +1.387 
114 750 22 42 14 +01 15 36 11.916 —0.041 —0.354 +0.027 —0.015 +0.011 
114 670 22 42 38 +01 13 16 11.101 +1.206 +1.223 +0.645 +0.561 +1.208 
114 176 22 43 39 +00 24 15 9.239 +1.485 +1.853 +0.800 +0.717 +1.521 
G156 57 22,53,47 —14 1253 10.180 +1.556 +1.182 +1.174 +1.542 +2.713 
GD 246 23 13 04 +10 53 32 13.094 —0.318 —1.187 —0.148 —0.183 —0.332 
F 108. 23 16 42 —01 47 28 12.958 —0.235 —1.052 —0.103 —0.135 —0.239 
PG2317+046 23 20 24 +04 55 42 12.876 —0.246 —1.137 —0.074 —0.035 —0.118 
115 486 23:42:02 +01 19 55 12.482 +0.493 —0.049 +0.298 +0.308 +0.607 
115 420 23 43 06 +01 09 09 11.161 +0.468 —0.027 +0.286 +0.293 +0.580 
S271 23 43 11 +00 48 23 9.695 +0.615 +0.101 +0.353 +0.349 +0.701 
115 516 23 44 45 +01 17 22 10.434 +1.028 +0.759 +0.563 +0.534 +1.098 
PG2349+002 235222 +00 31 28 IST. —0.191 —0.921 —0.103 —0.116 —0.219 


Www A searchable version of this table appears on The Astronomical Almanac Online. 
The table of bright Johnson UBVRI standards listed in editions prior to 2003 is available online as well. 


This symbol indicates that these data or auxiliary material 
may also be found on The Astronomical Almanac Online 
at http://asa.usno.navy.mil and http://asa.hmnao.com 


uvby AND HB STANDARD STARS, J2009.5 H41 
BS-UR Name Right cic i 
No. scencion ination Spectral Type V b— | my Cc} B 
h, i S @ i Ip 
9076 e Tuc 00 00 24.2 | —65 3128 | B9IV 4.50 | —0.023 | +0.098 | +0.881 | 2.722 
9088 85 Peg 00 02 40.0 | +270758 | G2V 5.75 | +0.430 | +0.187 | +0.214 | 2.558 
9091 ¢ Scl 00 02 49.1 | —294003 | B4 III 5.04 | —0.063 | +0.106 | +0.450 | 2.712 
9107 00 05 23.8 | +34 4247 | G2QV 6.10 | +0.412 | +0.169 | +0.312 
15 Oi. a And | 0008 52.8 | +2908 34 | B9p Hg Mn 2.06* | —0.046 | +0.120 | +0.520 | 2.743 
21 11 B Cas 00 09 41.4 | +59 1208 | F210 2.27* | +0.216 | +0.177 | +0.785 
27 ps And _ | 00 1049.1 | +46 0730 | FOIL 5.04 | +0.273 | +0.123 | +1.082 | 2.666 
63 24 @ And | 00 1735.4} +38 4404 | A2V 4.62 | +0.026 | +0.180 | +1.049 | 2.880 
100 k Phe 00 26 40.1 | —43 3738 | A5 Vn 3.95 | +0.098 | +0.194 | +0.918 | 2.846 
114 28 And_ | 00 30 37.6 | +2948 14 | Am 5.23* | +0.169 | +0.165 | +0.869 
184 20 m Cas 00 43 59.8 | +470435 | ASV 4.96 | +0.086 | +0.226 | +0.901 
193 22 o Cas 00 45 15.5 | +48 20 10 | BS5 III 4.62* | +0.007 | +0.076 | +0.479 | 2.667 
233) 0051 18.7 | +64 1757 | GOIN—IV + B9.5 V | 5.39 | +0.355 | +0.127 | +0.696 
269 37 fe And | 0057 17.0 | +38 3303 | ASTV—V 3.87 | +0.068 | +0.194 | +1.056 | 2.865 
343 33 6 Cas 01 11 41.2 | +551201 | A7m 4.34* | +0.087 | +0.213 | +0.997 
378) 39 Cet 01 17 05.3 | —02 2702 | G5 Ile 5.41* | +0.554 | +0.285 | +0.335 
413 93 pePse 01 26 46.1 | +191318 | F2V: 5.35. | +0.259 | +0.146 | +0.481 
458 50 uv And 01 37 21.5 | +41 2710 | F&8V 4.10 | +0.344 | +0.179 | +0.409 | 2.629 
493 107 Pse 01 43 00.8 | +201852 | KI V 5.24 | +0.493 | +0.364 | +0.298 
ail 53 eel 01 50 03.1 | —10 38 23 | F2ZIV—V 4.66 | +0.209 | +0.188 | +0.649 | 2.737 
617 13 a Ari 02 07 42.7 | +23 3025 | K2IIab 2.00 | +0.696 | +0.526 | +0.395 
623 14 Ari 02 09 57.9 | +255904 | F210 4.98 | +0.210 | +0.185 | +0.874 | 2.723 
635 64 Cet 02 1151.2 | +08 3650 | GOIV 5.64 | +0.361 | +0.180 | +0.469 | 2.627 
660 8 6 Tri 02 17 38.2 | +341602 | GOV 4.86 | +0.390 | +0.187 | +0.259 
672 02 18 31.1 | +01 4808 | GO.5IVb 5.60 | +0.370 | +0.188 | +0.405 | 2.619 
675 10 Tri 02 19 30.2 | +284110 | A2V 5.03 | +0.011 | +0.161 | +1.145 
685 3) Per 02 23 01.6 | +5553 19 | A2TA 5.17* | +0.321 | —0.038 | +0.753 
TG 1) Tri 02 28 43.5 | +2942 41 | FOIL 5.29 ‘| -£0.178 | +-0.211 | -+-0:780 
Ts 32, v Ari 02 39 21.5 | +220007 | A7 V 5.30 | +0.092 | +0.182 | +1.095 | 2.829 
784 02 40 40.2 | —09 2445 | F6V 5.79 | +0.330 | +0.168 | +0.362 | 2.627 
801 35 Ari 02 44 00.7 | +274449 | B3V 4.65 0.052 | +0.097 0.333 | 2.684 
811 89 a Cet 02 44 34.5 | —13 4908 | B7 V 4.25 | —0.052 | +0.105 | +0.599 | 2.718 
813 87 We iEet 02 45 27.4| +1009 14 | FOm F2 Vt 4.27* | +0.189 | +0.188 | +0.756 | 2.75] 
812 38 Ari 02 45 28.7 | +12 2907 | A7 I-IV 5.18* | +0.136 | +0.186 | +0.842 | 2.798 
870 02 56 44.3 | +08 2509 | F7IV 5.97 | +0.306 | +0.175 | +0.505 | 2.662 
913 03 02 37.5 | —06 27 29 | GOIV—V 6.20 | +0.373 | +0.205 | +0.394 | 2.621 
937 t Per 03 09 45.4 | +49 3856 | GOV 4.05 | +0.376 | +0.201 | +0.376 
962 94 Get 03 13 15.6 | —01 0940 | GOIV 5.06 +0.363 0.186 0.425 
1006 c! Ret 03 17 58.6 | —62 3221 | G3-—5 V 5.51 | +0.403 | +0.204 | +0.284 
1010 ¢? Ret 03 18 25.3 | —62 2813 | G2V 5.23 | +0.381 |:-++0.183 | --0.297 
1024 03 23 45.6 | —0745 41 | G2V 6.20 | +0.449 | +0.198 | +0.295 
1017 33 a Per 03 25 00.3 | +49 53 39 | F5 Ib 1.79 | +0.302} +0.195 | +1.074 | 2.677 
1030 1 o Tau 03 25 19.5 | +09 03 42 | G6 Illa Fe—1 3.61 | +0.547 | +0.333 | +0.426 
1089 03 35 19.4 | +06 2656 | GO 6.49 | +0.408 | +0.183 | +0.452 | 2.613 
1140 16 Tau 03 45 22.2 | +241907 | B7IV 5.46 | +0.005 | +0.097 | +0.650 | 2.750 
1144 18 Tau 03 45 43.9 | +245206 | B8 V 5.67 0.021 0.107 | +0.638 | 2.750 
1178 oi Tau 03 49 43.7 | +240455 | B& Il 3.62 | —0.019 | +0.092 | +0.708 | 2.696 
1201 03 53 42.7 | +17 2117 | F4V 5.97 | +0.221 | +0.166 | +0.610 | 2.712 
1269 42 w Tau 04 07 35.8 | +2901 35 | FIV 5.23 | +0.226 | +0.159 | +0.588 
1292 45 Tau 04 11 50.7 | +05 3250 | F4V 5.71 | +0.231 | +0.164 | +0.597 | 2.710 


H42 


BS=HR 
No. 


1303 
1321 
1322 
1329 
1331 


134] 
1346 
1327 
1373 
1376 


1387 
1388 
1394 
1411 
1409 


1412 
1414 
1430 
1444 
1457 


1543 
1552 
1577 
1620 
1641 


1656 
1662 
1672 
1729) 
1865 


1861 
1905 
2056 
2034 
2047 


2106 
2143 
2233 
2236 
2264 


2313 
2473 
2484 
2483 
2585 


2622 
2657 
2707 
2763 
VARK) 


uvby AND HB STANDARD STARS, J2009.5 


Sil 


40 


45 


27 
31 
56 
16 


23 
21 
54 


Name Rieu Declination 
Ascension 

h m S ° ment 

pw Per 04 15 35.9 | +48 25 57 
04 15 56.2 | +06 13 21 

04 15 59.2 | +06 12 35 

@ Tau 04 17 49.1 | +20 3605 
Tau 04 18 57.0 | +21 36 07 
Tau 04 20 10.5 | +21 47 45 

y Tau 04 20 20.1 | +15 39 00 
04 21 34.4 | +65 09 45 

5 Tau 04 23 29.0 | +17 33 51 
Tau 04 23 57.8 | +16 47 56 

kK Tau 04 25 56.2 | +22 18 54 
Tau 04 25 59.1 | +22 13 16 
v777 Tau 04 26 53.3 | +15 38 21 
6! Tau 04 29 07.1 | +15 58 57 
e Tau 04 29 10.4 | +19 12 03 
6? Tau | 0429 12.4] +15 53 29 
Tau 04 29 22.2 | +13 0405 
Tau 04 31 09.5 | +13 44 40 

p Tau 04 34 23.3 | +1451 49 
a Tau 04 36 28.0 | +16 31 40 
mx? Ori | 0450 21.4 | +06 58 38 
m* Ori 04 51 42.8 | +05 37 14 
« Aur 04 57 36.8 | +33 10 49 

t Tau 05 03 39.9 | +21 36 10 
n Aur 05 07 11.0 | +41 14 47 
Tau 05 08 00.7 | +18 39 25 
Ori 05 08 09.6 | -++-09 28 58 
Ori 05 09 51.0 | +09 50 28 

d Aur 05 19 48.6 | +40 06 24 
a Lep 05 33 09.0 | —17 48 58 
05 33 10.2 | —O1 35 08 

Tau 05 37 36.8 | +17 02 44 

A Col 05 53 27.6 | —33 47 59 
Tau 05 53 55.5 | +27 36 49 

x! Ori 05 54 56.8 | +20 16 38 
y Col 05 57 52.4 | —35 1658 
Aur 06 07 14.4 | +38 28 51 

06 16 03.3 | —00 30 59 

06 16 23.4 | +01 09 56 

Aur 06 22 32.4 | +53 26 49 

06 25 45.7 | —00 57 08 

€ Gein | 06 44 31.0 | +2507 15 
E Gem | 06 45 49.3 | +12 53 05 
vy Aur 06 47 25.4 | +43 34 01 
Lyn 06 58 18.6 | +45 04 51 

07 00 46.0 | —05 22 51 

y CMa | 0704 11.3 | —15 38 52 
Mon_ | 07 11 52.7 | —00 19 06 

A Gem | 07 18 38.3 | +1631 21 
07 20 18.4 | +07 07 29 


Spectral Type 


GO Ib 
G5 IV 
GO IV 
A3m 
FO V 


AOp 

G9.5 IIlab CN 0.5 
G5 IIb 

G9.5 III CN 0.5 
FOm 


AS IV—V 
ATV 

FOn IV—V 

G9 III Fe—0.5 
G9.5 III CN 0.5 


A7 Il 
A7TV 
FO V 
AI V 
K5t Il 


F6 V 
B2 Ill 
K3 0 
A7TIV 
B3 V 


G4V 

G1IV 

A9m 

G1.5 IV—V Fe—1 
FO Ib 


BLIV 

FO V 

BS V 

AO IV 

GO- V Ca 0.5 


B2.5 IV 
A4m 
F6 V 
FS IV: 
F5 II 


F8 V 
G8 Ib 
F5 IV 
GO V 
A2 Vn 


GO HI—IV 

B8 II 

A8 Vn —F3 Vn 
A4 IV 

F8 V 


oe) 


+0.268 
+0.240 
+0.185 
+0.235 
+0.191 


+0.197 
+0.422 
+0.286 
+0.424 
+0.244 


+0.200 
+0.193 
+0.183 
+0.394 
+0.449 


= OBIE, 
+0.225 
+0.200 
+0.199 
+0.814 


+0.162 
+0.073 
+0.775 
+0.203 
+0.104 


+0.201 
+0.185 
+0.251 
+0.206 
+0.150 


+0.073 
+0.203 
+0.115 
+0.133 
+0.194 


+0.093 
+0.222 
+0.154 
+0.148 
+0.170 


+0.170 
+0.656 
+0.167 
+0.184 
+0.159 


O:192 
+0.099 
+0.184 
+0.198 
+0.169 


+0.551 
OAT 
+0.331 
+0.745 
+0.784 


+0.536 
+0.385 
+0.402 
+0.405 
+0.731 


+1.054 
+0.840 
+0.933 
+0.393 
+0.417 


+1.014 
+0.907 
+0.813 
+0.829 
+0.373 


+0.416 
+0.135 
+0.307 
+1.034 
+0.318 


+0.328 
+0.350 
+0.835 
+0.363 
+1.496 


+0.002 
+0.856 
+0.413 
tl 152 
+0.307 


+0.362 
0028 
+0.446 
+0.476 
+0.627 


+0.395 
+0.282 
+0.552 
+0.376 
+1.109 


+0.402 
+0.556 
+0.875 
+1.055 
+0.469 


2.768 


2.785 
2.864 


2.831 
2.836 


297 


2.652 
2.606 


2.847 
2.685 


2.590 
2.828 
2.598 


2.615 


2.718 


2.599 
2.644 


2.633 
2.645 


2.613 


2.689 


2.628 


DHT 
2798 
2807 
2845 
2852 


2866 
2857 
2883 
2880 
2886 


2918 
2927 
2948/9 
2930 
2961 


2985 
3003 
3084 
3131 
3173 


3249 
3262 
3271 
3297 
3314 


3410 
3454 
3459 
3538 
555) 


3619 
3624 
3657 
3665 
3662 


S759 
3757 
3775 
3800 
3815 


3856 
3849 
3852 
3881 
3893 


3901 
3906 
3928 
3951 
3975 


RD 


S 


uvby AND HB STANDARD STARS, J2009.5 H43 
4 => ae 
ee Desinon| Spectral Type v | b-y my Cc} B 
h m Ss Ou ees? 
07 20 41.4 | +215751 | FO Vt 3.53 | +0.221 | +0.156 | +0.696 | 2.712 
07 21 44.2 | —08 5348 | F5 6.55 | +0.343 | +0.174 | +0.390 
07 22 47.2 | —025952 | F5 6.24 | +0.432 | +0.216 | +0.588 
07 27 39.9 | +08 1610 | B8 V 2.89* | —0.038 | +0.113 | +0.799 | 2.731 
07 29 43.3 | +31 4554 | FO Vt 4.18 | +0.214 | +0.155 | +0.613 | 2.713 
07 29 53.3 | —07 3416 | F8 V 5.86 | +0.311 | +0.155 | +0.392 
07 29 55.9 | +28 0553 | A4V 5.05 | +0.062 | +0.202 | +1.013 
07 32 33.1 | —085409 | F5 V 5.93 | +0.355 | +0.124 | +0.335 | 2.595 
07 32 35.5 | +01 53 37 | FO II 5.25 | +0.128 | +0.173 | +1.198 
07 3409.0 | +15 48 20 | Al Vn 5.28 | +0.037 | +0.143 | +1.178 
07 37 05.0 | +05 5026 | GOV 5.90 | +0.375 | +0.188 | +0.387 | 2.610 
07 37 45.0 | —040758 | F6II 5.14 | +0.283 | +0.180 | +0.643 
07 39 12.8 | —2649 26 | B6V+ B5IVn 3.83 | —0.076 | +0.121 | +0.400 
07 39 47.1 | +34 33 42 | F3 DI 4.89 | +0.270 | +0.173 | +0.654 
07 39 47.4 | —38 1949 | B2.5 V 4.84 | —0.084 | +0.103 | +0.303 
07 45 01.2 | +24 22 28 | G8 II 3.57. | +0.573 | +0.379 | +0.398 
07 46 40.4 | +18 2910 | K4 III 4.85 | +0.895 | +0.735 | +0.451 
07 52 58.8 | —3853 16 | B2.5V 4.50* | —0.083 | +0.104 | +0.244 
08 00 17.6 | —18 25 33 | A2TVn 4.61 | +0.048 | +0.161 | +1.122 | 2.837 
08 09 10.1 | +51 28 43 | Al Va 4.81 | +0.017 | +0.151 | +1.105 
08 17 01.8 | +0909 21 | K4 III Ba 0.5 3.52 | +0.914 | +0.758} +0.371 
08 20 38.4} +271111 | F6V 5.14 | +0.314 | +0.146 | +0.384 
08 20 42.1 | —00 56 24 | FOV 6.17 | +0.385 | +0.193 | +0.414 | 2.612 
08 25 03.4 | —03 4657 | F3 V 5.60 | +0.311 | +0.138 | +0.400 | 2.631 
08 26 08.1 | —03 5617 | AO Va 3.90 | —0.006 | +0.156 | +1.024 | 2.898 
08 38 09.5 | +05 4013 | Al TVnn 415 | +0.009 | +0.152 | +1.091 | 2.855 
08 43 43.2 | +03 2151 | B4V 4.30* | —0.087 | +0.093 | +0.241 | 2.653 
08 44 08.4 | —07 1606 | G1 Ib 4.63 | +0.517 | +0.294 | +0.472 
08 54 46.0 | —05 2815 | GBV 6.01 | +0.410 | +0.239 | +0.325 | 2.597 
08 57 31.6 | +3252 24 | A7IV 5.45 | +0.084 | +0.205 | +0.972 
09 09 32.2 | +51 3357 | FOm 4.46 | +0.165 | +0.248 | +0.762 
09 11 41.5 | +63 2827 | Am 4.65 | +0.214 | +0.253 | +0.711 
09 14 09.7 | +21 1437 | A2V 6.48 | +0.017 | +0.164 | +1.094 
09 1451.5 | +02 1626 | B9.STV (CII) 3.88 | —0.028 | +0.145 | +0.944 
09 16 52.0 | +535855 | AS V 4.84* | +0.113 | +0.196 | +0.892 
09 29 37.8 | —02 48 39 | F6V 4.60 | +0.295 | +0.164 | +0.453 
09 32 16.1 | +6301 11 | FOIV 3.67* | +0.211 | +0.180 | +0.752 
09 33 29.3 | +51 3801 | F6IV 3.18 | +0.314 | +0.153 | +0.463 
09 34 48.1 | +3621 18 | G7.5 III Fe—0.5 4.55 | +0.561 | +0.349 | +0.375 
09 36 13.5 | +35 4600 | G8 IIIv 5.41 | +0.473 | +0.304 | +0.372 
09 39 36.8 | —61 2217 | BOIV—V 4.51* | —0.034 | +0.140 | +0.821 
09 40 45.7 | —14 22 33 | BS V 5.07 | —0.070} +0.110 | +0.407 | 2.704 
09 41 39.4 | +095055 | F5I1+ A5? 3.52 | +0.306 | +0.234 | +0.615 
09 49 11.9 | +45 5835 | GO.5 Va 5.10 | +0.390 | +0.203 | +0.382 
09 50 59.7 | +04 1756 | F7 Vn 6.24 | +0.306 | +0.161 | +0.419 | 2.646 
09 51 50.0 | —06 13 36 | F8V 6.43 | +0.363 | +0.185 | +0.412 
09 52 41.5 | +02 2434 | AO Vs 6.03 | —0.015 | +0.136 | +1.040 
09 58 15.8 | +41 0036 | F5 V 5.14 | +0.300 | +0.165 | +0.457 
10 01 33.4 | +31 5236 | G3 VaH6 1 5.35 | +0.416 | +0.234 | +0.388 | 2.599 
10 07 51.0 | +16 4258 | AO Ib 3.53 | +0.030 | +0.068 | +0.966 


uvby AND HB STANDARD STARS, J2009.5 


H44 
a Name sie ies Declination 
No. Ascension 
ae hm °s ob Ie 
3974 Pl LMi 10:07 59.2 | +35 11 53 
4031 36 ¢ Leo 10 17 13.0 | +23 22 11 
4054 40 Leo 10 20 15.1 | +19 25 21 
4057/8 | 41 y! Leo 10 20 29.8 | +19 47 34 
4090 30 LMi_ | 10 26 27.3 | +33 4451 
4101 45 Leo 10 28 09.1 | +09 42 49 
4119 30 B Sex 10 30 46.6 | —00 41 10 
4133 47 p Leo 10 33 18.6 | +09 15 27 
4166 37 LMi | 1039 15.2 | +3155 36 
4277 47 UMa | 1059 59.7 | +40 22 46 
4293 11 00 35.5 | —42 16 37 
4288 49 UMa | 11 01 22.2 | +39 09 39 
4300 60 Leo 11 02 50.1 ; +2007 43 
4343 11 B Crt 11 12 07.6 | —22 52 40 
4378 11 18 50.7 | +1155 57 
4386 Til o Leo 11 21 37.6 | +05 58 38 
4392 56 UMa | 11 23 20.7 | +43 25 50 
4405 15 y Crt 1125 215)| =—17 44 11 
4456 90 Leo 11 35 12.1 | +16 44 40 
4501 62 UMa | 11 42 03.8 | +31 41 36 
4515 2 — Vir 11 45 46.4 | +08 12 19 
4527 93: DOME 11 48 28.5 | +2009 58 
4534 94 B Leo 11 49 32.6 | +1431 08 
4540 5 B Vir 1151 11.4 | +01 42 40 
4550 11 53 31.5 | +37 39 02 
4554 64 y UMa | 11 5419.6 | +53 38 31 
4618 12 08 35.0 | --50 42 51 
4689 15 n Vir 12 20 23.5 | —00 43 10 
4695 16 Vir 12 20 49.9 | +03 15 35 
4705 12 22 39.4 | +24 43 16 
4707 12 Com | 12 22 58.9 | +25 47 37 
4753 18 Com | 12 2955.5 | +24 03 23 
4775 8 n Crv 12 32 33.7 | —16 1455 
4789 23 Com | 1235 19.4 | +22 34 37 
4802 t Cen 12 38 13.6 | —48 35 37 
4861 28 Com | 12 48 42.9 | +13 3004 
4865 29 Com | 12 4922.8} +1404 15 
4869 30 Com | 12 49 45.2 | +27 3003 
4883 31 Com | 12 5209.6 | +27 29 21 
4889 12 53 58.0 | —40 13 49 
4914 12 a! CVn_ | 12 56 27.2 | +38 15 49 
4931 78 UMa | 13 01 08.0 | +56 18 55 
4983 43 B Com | 13 1219.0 | +27 49 49 
5011 59 Vir 13 17 14.8 | +09 22 29 
5017 20 AO CVn | 13 1758.0] +4031 22 
5062 80 UMa | 13 25 36.3 | +54 56 19 
5072 70 Vir 13 28 53.7 | +13 43 42 
5163 13 44 24.0 | —05 32 47 
5168 1 Cen 13 46 13.8 | —33 05 29 
5235) 8 n Boo 13 55 08.2 | +18 21 01 


Spectral Type V b—y 

4.49* | +0.106 
FO Ul 3.44 | +0.196 
F6 IV 4.79* | +0.299 
K1~ IIb Fe—0.5 1.98* | +0.689 
FO V 4.73, | +0.150 
AOp 6.04 | —0.036 
B6 V 5.08 | —0.061 
B1 Iab 3.86* | —0.027 
G2.5 Ila 472. Ve--0:512 
G1-V Fe—0.5 3.05) }EF0392 
A3 IV 4.38 | +0.059 
FO Vs SLOTE F014? 
A0.5m A3 V 4.42 | +0.022 
A2IV 4.47 | +0.011 
A2V 6.66 | +0.024 
AO It 4.05 | —0.020 
G7.5 Ila 4.99 | +0.610 
ATV 4.07 | +0.118 
B4V 5.95 | —0.066 
F4V 5.74 } +0.312 
A4V 4.85 | +0.090 
G4 I-IV + A7V_ | 4.53* | +0.352 
A3 Va 2.14* | +0.044 
F9 V 3.60 | +0.354 
G8 V P 6.43 | +0.483 
AO Van 2.44 | +0.006 
B2 IIne 4.47 | —0.076 
Al Ivt 3.90* | +0.017 
KO.5 IIb Fe—0.5 4.97 | +0.717 
AO V 6.20 | —0.002 
G5 Il + A5 4.81 | +0.322 
F5 Il 5.48 | +0.289 
F2 V 4.30* | +0.245 
AOm Al IV 4.81 | +0.008 
Al IVnn 3.86 | +0.026 
ALV 6.56 | +0.012 
AlV 5.70 | +0.020 
A2V 5.78 | +0.025 
GO Ip 4.93 | +0.437 
ATV 4.26 | +0.125 
FO V 5.60 | +0.230 
F2 V 4.92* | +0.244 
F9.5 V 4.26 | +0.370 
GO Vs 5-19 | +0.372 
F3 Il(str. met.) 4.72* | +0.174 
AS Vn 4.02* | +0.097 
G4 V 4.97 | +0.446 
AlLV 6.53 | +0.028 
F2 Vt 4.23* | +0.247 
GO IV 2.68 | +0.376 


my, 


+0.201 
+0.169 
+0.166 
+0.457 
+0.196 


+0.180 
+0.113 
+0.040 
+0.297 
+0.203 


+0.179 
+0.198 
+0.194 
+0.164 
+0.190 


+0.127 
+0.416 
+0.195 
+0.095 
+0.118 


+0.196 
+0.186 
+0.210 
+0.186 
+0.225 


+0.153 
+0.108 
+0.163 
+0.485 
+0.169 


sr Onk 75 
+0.170 
+0.167 
+0.144 
+0.159 


+0.167 
+0.156 
+0.169 
+0.186 
+0.185 


+ 0.152 
+0.170 
+0.191 
+0.191 
+0.238 


+0:192 
+0.232 
+0.172 
+0.164 
+0.203 


| 


+0.876 
+0.986 
+0.462 
+0.373 
0.959 


+0.956 
+0.479 
—0.040 
+0.477 
+0.337 


+1.116 
+1.012 
+1.019 
+1.190 
O52 


+1.014 
+0.396 
+0.895 
+0.323 
+0.401 


+0.928 
+0.725 
=+0:975 
+0.415 
+0.153 


Sg lis) 
+0.254 
+1.130 
+0.516 
+1.034 


+0.779 
+0.609 
+0.543 
+1.090 
+1.086 


+1.052 
+1.130 
+1.074 
+0.416 
+0.971 


+0.578 
=-0:575 
=+0:337 
+0.385 
+0.915 


+0.928 
+0.350 
+0.980 
+0.548 
+0.476 


2.730 
2.552 
2595 


2.877 


2.823 
2.687 


2.855 


2.900 
2.629 


2.884 
2.682 


2.701 


2.700 


2.870 


2.592 
2.816 


2.707 
2.608 
2.614 


2.847 


2.700 
2.627 


uvby AND HB STANDARD STARS, J2009.5 H45 
— 
BS=HR | Name et Dectination | Spectral Type Vv b-y m cy B 
hm 5 oS 

5270 14 02 59.8 | +09 38 26 | G8: II: Fe—5 6.21 | +0.638 | +0.087 | +0.541 | 2.533 
5280 14 03 20.9 | +5055 35 | A2V 6.15 | +0.020 | +0.181 | +1.016 
5285 x Cen | 1406 37.8] —41 1329 | B2V 4.36* | —0.094 | +0.102 | +0.161 | 2.661 
5304 12 Boo | 14 1049.9 | +2502 49 | F8Iv 4.82 | +0.347 | +0.172 | +0.443 
5414 14 28 56.5 | +28 1450 | Al V 7.62 | +0.014 | +0.168 | +1.018 
5415 14 28 58.4 | +28 1454 | AlV 7.12 | +0.008 | +0.146 | +1.020 
5447 28 a Boo | 1435 05.6 | +294215 | F2V 4.47* | +0.253 | +0.135 | +0.484 | 2.675 
5511 109 Vir 14 46 43.8 | +0151 12 | AOTVnn 3.74 | +0.006 | +0.137 | +1.078 | 2.846 
5522 14 49 23.4 | —0053 12 | B9 Vp:v 6.16 | —0.007 | +0.132 | +0.996 
5530 8 a! Lib LASS AF2:S)| — 16102010 PSV. 5.16 | +0.265 | +0.156 | +0.494 | 2.681 
5531 J) a? Lib 1451 24.3 | —160451 | A3 II-IV 2.75 | +0.074 | +0.192 | +0.996 | 2.860 
5634 45 Boo | 15 07 43.1 | +244957 | FSV 4.93 | +0.287 | +0.161 | +0.448 
5633 15 07 46.5 | +18 2420 | A3 V 6.02 | +0.032 | +0.190 | +1.017 
5626 A Lup | 15 0929.2 | —45 1857 | B3V 4.06 | —0.077 | +0.105 | +0.265 | 2.687 
5660 1 Lup | 15 15 12.4) —3133 14 | FO Ib—II 4.92 | +0.246 | +0.132 | +1.367 | 2.741 
5681 49 6 Boo | 15 1553.2 | +33 1647 | G8 III Fe—1 3.49 | +0.587 | +0.346 | +0.410 
5685 27 B Lib 15 17 31.2 | —09 2503 | B8 In 2.61 | —0.040 | +0.100 | +0.750 | 2.706 
S717. i Ser 15:22 50:3 || +12 32.02 | ADV 6.28 | +0.008 | +0.136 | +1.044 
5754 15 27 51.1 | +621435 | ASIV 6.40 | +0.062 | +0.210 | +0.982 
Way 15 29 02.8 | +47 1009 | Am 6.15 | +0.046 | +0.194 | +1.142 
5793 5 a CrB_ | 15 3505.4 | +264059 | AOIV 2.24* | 0.000 | +0.144 | +1.060 
5825 15 41 50.8 | —444131 | FSIV—V 4.64 | +0.270 | +0.152 | +0.458 | 2.678 
5854 24 a Ser 15 44 44.2 | +06 23 47 | K2 IIIb CN 1 2.64 | +0.715 | +0.572 | +0.445 
5868 2g, dX Ser 15 46 54.3 | +07 1926 | GO V 4.43 | +0.383 | +0.193 | +0.366 | 2.605 
5885 1 Sco 15 51 33.1 | —25 4646 | B3 V 4.65 | +0.006 | +0.070 | +0.122 | 2.639 
5936 12 JACiB eels: 5608-3) F-37755 12, | HOR) 5.44 | +0.230 | +0.161 | +0.654 
5933 4] y Ser 15 5653.5 || --15 3752 | FOV 3.86 | +0.319 | +0.151 | +0.401 | 2.632 
5947 13 € CrB | 15 5758.9 | +265103 | K2Ilab 4.15 | +0.751 | +0.570 | +0.414 
5968 15 p CrB- | 1601 24.5 | +33 1631 | G2V 5.40 | +0.396 | +0.176 | +0.331 
5993 9 w' Sco 16 07 21.9 | —20 41 39 | BIV 3.94 | +0.037 | +0.042 | +0.009 | 2.617 
5997 10 w* Sco 16 07 57.8 | —20 53 38 | G4 II-III 4.32 | +0.522 | +0.285 | +0.448 | 2.577 
6027 14 v Sco 162 32.9) F— 1929105) B2AIVip 3.99 | +0.080 | +0.051 | +0.137 | 2.663 
6092 22 t Her 16 20 01.6 | +4617 28 | BSIV 3.88* | —0.056 | +0.089 | +0.440 | 2.702 
6141 22 Sco 16 30 47.2 | —25 0808 | B2V 4.79 | —0.047 | +0.092 | +0.191 | 2.665 
6175 13 ¢ Oph | 1637 41.0 | —103508 | O9.5 Vn 2.56 | +0.088 | +0.014 | —0.069 | 2.583 
6243 20 Oph | 1650 21.6 | —104757 | F7 II 4.64 | +0.311 | +0.164 | +0.532 | 2.647 
6332 59 Her 17 01 57.4 | +33 33 18 | A3 IV—Vs 3.28 9) eOO0M CONT 2 eI lO2 i P2885 
6355 60 Her 17 05 49.1 | +1243 42 | A4IV 4.90 | +0.064 | +0.207 | +0.992 | 2.877 
6378 35 n Oph | 17 1055.3 | —1544 12 | A2 Vat (Sr) 2.42 | +0.029 | +0.186 | +1.076 | 2.894 
6458 v2, Her Le ZAOO SS 1-32 27-22) GOV. 5.39* | +0.405 | +0.178 | +0.312 | 2.588 
6536 23 B Dra 17 30 38.9 | +52 1741 | G2 Ib—Ila 2.78 | +0.610 | +0.323 | +0.423 | 2.599 
6588 85 t Her 17 39 44.0 | +4600 06 | B3IV 3.80 | —0.064 | +0.078 | +0.294 | 2.661 
6581 56 o Ser 17 41 56.9 | —125247 | A2Va 4.25* | +0.049 | +0.168 | +1.108 | 2.874 
6603 60 B Oph | 17 4356.5 | +04 3350 | K2IIICN0.5 2A Oh 1-057 LOBE-OI553> || 4-0:45 
6595 58 Oph | 17 4400.0 | —21 4113 | F7V: 4.87 | +0.304 | +0.150 | +0.408 | 2.645 
6629 62 y Oph | 1748 22.2 | +02 4216 | AO Van 37S | 20.0248 F2-ON65. |i 1-0559E22905 
6714 67 Oph | 1801 07.3 | +0255 54 | BS Ib 3.97 | +0.081 | +0.020 | +0.302 } 2.585 
6723 68 Oph | 1802 14.1 | +01 1820 | AO.5 Van 4.44* | +0.029 | +0.137 | +1.087 | 2.842 
6743 @ Ara 18 07 22.2 | —5005 24 | B2 Ib 3.67 | +0.007 | +0.037 | +0.006 | 2.582 
6775 3) Her 18/07 23:3: | -+-30 33 50 | FIV 5.06 | +0.356 | +0.136 | +0.321 


uvby AND Hf STANDARD STARS, J2009.5 


Declination Spectral Type V 


H46 

pa 

BS=HR ane Right 
No. Ascension 

h m s ° LeU 

6930 Vesct 18 29 44.3 | —14 33 33 | A2 TI 
7069 111 Her 18 47 26.5 | +18 1134 | A3 Vat 
7119 18 55 15.8 | —15 3526 | BSI 
7178 14 y Lyr 18 59 18.0 | +32 4211 | BOI 
7152 e CrA 18 59 21.8 | —3705 39 | FOV 
1235 7 ¢ Aql 19 05 50.8 | +1352 41 | AO Vann 
7253 19 07 00.4 | +28 3838 | FOI 
7254 a CrA 19 1007.0 | —3753 20 | A2TVn 
7328 1 Kk Cyg 19 17 19.3 | +5323 11 | GOT 
7340 44 p! Ser 19 22 13.4 | —1749 43 | FO TI-—-Iv 
7377 30 5 Aql 19 25 58.6 | +03 08 04 | F2TV—V 
7462 61 o Dra 19 32 20.4 | +69 4038 | KO V 
7469 13 0 Cyg 19 36 41.8 | +50 14 36 | F4V 
7447 4] . Aql 19 37 12.7 | —01 1554 | BSI 
7446 39 xk Aql 19 37 24.1 | —0700 21 | BO.5 IMn 
T7479 5 a Sge 19 40 31.3 | +180211 | G10 
7503 16 Cyg 19 42 04.1 | +5032 51 | G1.5 Vb 
7504 19 42 07.1 | +5032 23 | G3V 
7525 50 y Aql 19 46 42.7 | +1038 13 | K3 0 
7534 17 Cyg 19 46 47.3 | +33 4500 | F7 V 
JS57 53 a Aql 19 51 14.8 | +08 5338 | A7 Vnn 
7560 54 o Aq) 19 51 28.9 | +1026 24 | F8V 
7602 60 B Aql 19 55 46.8 | +06 2552 | G8 IV 
7610 61 gd Aql 19 56 41.2 | +11 2658 | ALIV 
7773 8 v Cap 20 21 11.4 | —1243 43 | BOS V 
77196 Bi y Cyg 20 22 34.2 | +401715 | F8 Ib 
7858 3 n Del 20 34 24.0 | +13 03 37 | A3IV 
7906 9 a Del 20 40 04.8 | +15 5646 | BOIV 
7949 53 e Cyg 20 46 35.8 | +3400 22 | KOI 
7936 16 w Cap 20 46 39.4 | -251410 | F4V 
71977 55 v1l66l Cyg 20 49 15.7 | +4608 59 | B2.5 Ia 
7984 56 Cyg 20 50 25.2 | +4405 44 | A4dm 
8060 Wy) n Cap 21 04 56.7 | —194901 | ASV 
8085 61 v1803 CygA | 21 07 19.5 | +38 4748 | K5V 
8086 61 CygB | 21 07 20.8 | +38 4720 | K7V 
8143 67 oa Cyg 21 17 47.4 | +39 2605 | B9 Iab 
8162 5 a Cep 21 18 48.3 | +62 3734 | A7 Vtn 
8181 y Pav 2A 27-43-15 || —65\19'21 | F6RVip 
8279 OF Wa3ieCep 21 38 10.5 | +6207 30 | B2 Ib 
8267 5 Peg 2138 12.1 | +192142 | FO Vt 
8313 9 Peg 21 4457.7 | +17 23 38 | G5 Ib 
8344 13 Peg 21 5035.9 | +171949 | F2TI—IV 
8353 y Gru 21 54 30.1 | —371911 | BB IV—Vs 
8425 a Gru 22 08 49.7 | —46 5453 | B7 Vn 
8431 14 fu PsA 22 08 56.1 | —325630 | Al IVnn 
8454 29 m Peg 22 10 24.6 | +33 1330 | F3 Il 
8494 23 € Cep 22 15 23.3 | +5705 28 | AXIV 
8551 35 Peg 22 28 20.4 | +04 44 37 | KOII 
8585 7 a Lac 22 31 41.1 | +50 1953 | Al Va 
8613 9 Lac 22 37 45.9 | +51 3540 | A8IV 


4.69 
4.36 
5.09 
3.24 
4.85* 


209) 
5.53 
4.11 
3.76 
3.93% 


Bea 
4.67 
4.49 
4.36 
4.95 


4.39 
5.98 
6.23 
2.71 
5.01 


0.76 
Sls) 
312% 
29 
4.76 


2:23 
5.40 
Sx 
2.46 
4.14 


4.86* 
5.04 
4.86 
SH All 
6.04 


4.23 
2.45* 
4.23 
4.73* 
5.47* 


4.34 
5:29" 
3.01 
1.74 
4.50 


4.29 
4.19% 
4.79 
Ba, 
4.65 


+0.045 
+0.061 
+0.175 
+0.001 
+0.253 


+0.012 
+0.176 
+0.024 
+0.579 
+0.130 


+0.203 
+0.472 
+0.262 
—0.017 
+0.085 


+0.489 
+0.410 
+0.417 
+0.936 
+0.312 


SF OAL SIT) 
+0.356 
+0.522 
—0.006 
—0.020 


+0.396 
+0.023 
—0.019 
+0.627 
+0.278 


+0.356 
+0.108 
+0.090 
+0.656 
+0.792 


+0.138 
0.125 
Shoes) 
0275 
+0.199 


+0.706 
+0.263 
—0.045 
—0.058 
+0.032 


+0.304 
+0.169 
+0.640 
+0.001 
+0.149 


+0.147 
+0.216 
+0.026 
+0.093 
+0.161 


+0.147 
+0.189 
+0.181 
+0.390 
+0.194 


+0.170 
+0.324 
+0.157 
+0.087 
—0.024 


+0.259 
+0.212 
+0.223 
+0.762 
+0.155 


+0.178 
+0.182 
+0.303 
+0.178 
+0.135 


+0.296 
+0.207 
+0.125 
+0.415 
+0.161 


—0.067 
+0.209 
+0.191 
+0.677 
+0.673 


+0.027 
+0.190 
+0.118 
—0.051 
+0.172 


+0.479 
+0.156 
+0.106 
+0.107 
+0.167 


+0,177 
+0.192 
+0.420 
+0.173 


+1.208 
+0.942 
+0.468 
1.219 
+0.617 


+1.080 
+0.747 
+1.057 
+0.430 
+0.950 


+0.711 
+0.266 
+0.502 
+0.574 
—0.031 


+0.471 
+0.368 
+0.349 
+0.292 
+0.436 


+0.880 
+0.415 
+0.345 
+1.021 
+1.011 


+0.885 
+0.983 
+0.893 
+0.425 
+0.465 


+0.153 
+0.897 
+0.946 
+0.136 
+0.063 


+0.571 
+0.936 
+0.315 
+0.135 
+0.890 


+0.346 
+0.545 
+0.726 
+0.568 
+1.070 


+0.778 
+0.787 
+0.418 
+1.030 


2.853 


2.641 
2.918 
2.799 


2.673 


2.530 
2.844 
2.861 


2.583 
2.808 
2.613 
2.558 
2.734 


2.688 


25729 
2.872 


2.758 


2.906 


+0.172 | +-0.935 | 2.784 


uvby AND HB STANDARD STARS, J2009.5 H47 
Right ee 
Name wre ae Declination Spectral Type V b-y m E Cl B 
h m 8 © 1 Wi 
Lac 22 39 41.3 | +390600 | O9 V 4.89 | —0.066 | +0.037 | —0.117 | 2.587 
Gubes 22 41 56.2 | +1052 52 | B8.5 II 3.40 | —0.035 | +0.114] +0.867 | 2.768 
B Oct 22 46 58.8 | —81 1953 | A7II—IV 4.14 | +0.124 |] +0.191 | +0.915 | 2.817 
& Peg 22 47 10.1 | +1213 19 | F6V 4.19 | +0.330 | +0.147 | +0.407 
€ Gru | 22 4907.5 | —51 1600 | A2 Va 3.49 | +0.051 | +0.161 | +1.143 | 2.856 
6 Agr | 2255 09.2 | —15 4612 | A3IV—V 3.28 | +0.036 | +0.167 | +1.157 | 2.890 
Peg 22 57 56.0 | +204912 | G2.51Va 5.45 | +0.415 | +0.233 | +0.372 
a PsA | 2258 10.4 | —293418 | A3 Va 1.16 | +0.039 | +0.208 | +0.985 | 2.906 
a Peg 23 05 14.1 | +15 15 23 | AO IM—IV 2.48 | —0.012 | +0.130} +1.128) 2.840 
Peg 23 12 13.0 | +08 46 19 | A3 Van 5.16 | +0.076 | +0.164] +1.091 | 2.820 
And | 23 1259.3] +49 2730 | FOV 4.53 | +0.188 | +0.169 | +0.713 
yaaluc 23 1758.74 =58 1101 | F2V 3.99 | +0.271 | +0.143 | +0.564 | 2.665 
@ Reg 23/2 06:54) 5-23'4 7033) || ASI: 4.60* | +0.105 | +-0.166 | +1.009 
23 24 15.7 | +3235 01 | F4 Vw 6.69 | +0.321 | +0.121 | +0.404 
PsC | 23 3652.4 | +0209 18 | F6 Vbvw 5.69 | +0.306 | +0.122 | +0.386 
t And | 23 38 36.3 | +43 1915 | B8V 4.29 | —0.031 | +0.100 | +0.784 | 2.728 
t Psc 23 40 26.4 | +05 4040 | F7 V 4.13 | +0.331 | +0.161 | +0.398 | 2.621 
k And | 23 4052.7 | +4423 12 | B8IVn 4.14 | —0.035 | +0.131 | +0.831 | 2.833 
@ Psc 23 59 48.0 | +06 5457 | F3 V 4.03 | +0.271 | +0.154 | +0.631 | 2.667 


* 


Notes to Table 


V magnitude may be or is variable. 


STANDARD RADIAL VELOCITY STARS, J2009.5 


H48 
HD | BS=HR 
No. No Name 

aie 

693 33 6 Cet 
3712 168 | 18 a Cas 
3765 
4128 188 | 16 B Cet 
4388 
6655 
8779 416 
9138 434 | 98 lL Psc 
12029 
12929 617 | 13 a Ari 
18884 911 | 92 a Cet 
22484 | 1101 10 Tau 
23169 
24331 
26162 | 1283 | 43 Tau 
29139 | 1457 | 87 a Tau 
32963 
36079 | 1829 9 B Lep 
39194 

CD —43° 2527 

48381 
SQN 2593N es; pu CMa 
62509 | 2990 | 78 B Gem 
65583 
66141 | 3145 
65934 
75935 
80170 | 3694 
81797 | 3748 | 30 a Hya 
83443 
83516 
84441 | 3873 | 17 € Leo 
90861 
92588 | 4182 | 33 Sex 
101266 
102494 
102870 | 4540 5 B Vir 
103095 | 4550 
107328 | 4695 | 16 Vir 
109379 | 4786 9 B Crv 
111417 
112299 
120223 
122693 
124897 | 5340 | 16 a Boo 


Right 
Ascension 
h m 8 
00 11 44.8 
00 41 03.1 
00 41 20.7 


00 44 04.0 
00 46 57.8 


01 05 36.2 
O1 26 56.6 
01 30 41.0 
01 59 14.7 
02 07 42.7 


03 02 46.6 
03 37 21.5 
03 44 27.5 
03 50 55.0 


04 09 43.3 


04 36 28.0 
05 08 31.1 
05 28 39.2 
05 44 25.5 
06 32 32.5 


06 42 03.9 
06 56 32.8 
07 45 53.8 
08 01 07.3 
08 02 45.6 


08 02 45.8 
08 54 23.8 
09 17 19.5 
09 28 03.3 
09 37 34.1 


09 38 26.5 
09 46 23.3 
10 30 25.5 
10 41 53.2 
11 39 18.8 


11 48 25.9 
1151 11.4 
iiss) Siile) 
12 20 49.9 
12 34 53.3 


12 50 03.8 
12 55 56.0 
13 49 41.4 
14 03 18.3 
14 16 05.7 


Declination 


Spectral Type 


° Py Wt 


—15 2457 
50 301 
+40 14 15 
—17 56 05 
+31 00 12 


—72 30 13 
—00 21 00 
+06 11 33 
“29 25138 
+23 30 25 


+04 07 35 
+00 25 53 
+25 45 17 
—42 32 08 
+19 38 01 


+16 31 40 
+26 20 23 
—20 45 09 
—70 08 12 
—43 3141 


—33 28 46 
—14 03 23 
+28 00 09 
+29 1058 
+02 18 28 


+26 36 39 
+26 52 36 
—39 26 30 
—08 42 01 
—43 18 56 


35/0701 
+23 43 48 
+28 31 56 
—01 47 30 
—45 24 56 


SAP 1G] AN: 
+01 42 40 
+37 39 02 
+03 15 35 
= 23/2001) 


—45 52 39 
+25 41 11 
—43 46 49 
+24 3057 
+19 08 00 


4.89 
2s 
7.36 
2.04 
7.34 


8.06 
6.41 
4.84 
7.44 
2.00 


2.53 
4.28 
8.50 
8.61 
5.50 


0.85 
7.60 
2.84 
8.09 
8.65 


8.49 
5.00 
1.14 
6.97 
4.39 


7.70 
8.46 
ahs) 
1.98 
8.23 


8.63 
2.98 
6.88 
6.26 
9.30 


7.48 
3.61 
6.45 
4.96 
2.65 


8.30 
8.39 
8.96 
8.11 
—0.04 


S| ¥ 

KO Ila 

K2V 

G9 Ill CH—1 CN 0.5 C 
K3 Il 


F8 V 
KOIV 
K4 Ul 
K2 Il 
K2 lab 


M1.5 Illa 
FOIV=V 
G2V 
K2V 
K1 Il 


KS*I 
G5 IV 
GS il 
KO V 
K1 Ul 


KO IV 

K2 II +B9 V: 
KO Ulb 

G8 V 

K2 IIIb Fe—0.5 


G8 Il 


G8 V 
K5 II—IV 
K3 H—Il 
KO V 


G8 IV 
G11 
K2 Ill 
KI IV 
GS IV 


G9 IVw... 

F9 V 

G8 Vp 

KO.5 IIb Fe—0.5 
G5 IIb 


K3 IV 
F8 V 
G8 IV—V 


F8 V 
K1.5 If] Fe—0.5 


+0.2 
0.1 
0.2 
0.1 
0.6 


+0.5 
0.6 
0.5 
0.5 
0.2 


+0.1 
0.1 
0.2 
0.5 
0.6 


+0.1 
0.4 
0.1 
0.4 
0.5 


+0.5 
0.5 
0.1 
0.4 
+0.3 


0.3 
0.3 
0.2 
0.2 
0.5 


EEO: 
0.1 
0.4 
0.1 
0.5 


013 
0.2 
0.3 
0.3 
0.0 


2515) 
0.5 
0.6 
0.2 
0.1 


STANDARD RADIAL VELOCITY STARS, J2009.5 H49 


No igs ot pees Declination Spectral Type uy 
h m s ey (i 

126053 | 5384 1423 44.5 | +01 1151 G1 V 
132737 15.00 17.0 | +2707 23 7.64 | KO II — 241 0.3 
136202 | 5694 5 Ser 15 19 48.0 | +01 43 48 5.06 | F8 III—IV + 53.5 0.2 
144579 1605 16.5 | +3907 52 6.66 | G&IV — 60.0 0.3 
145001 6008 7 k Her | 1608 30.3 | +1701 20 5.00 | G5 II —- 95 02 
146051 6056 1 5 Oph | 16 1450.7 | —03 43 05 2.74 | MO.5 Ill — 19.8 +0.0 
150798 | 6217 a TrA | 1649 40.7 | —69 02 38 1.92 | K2 IIb—IIla = me, (0:2 
154417 | 6349 1705 45.9 | +00 41 21 6.01 | F8.5 IV—V — 174 0.3 
157457 | 6468 k Ara | 17 2644.6 | —50 38 28 5.230) Goal +174 0.2 
161096 | 6603 | 60 B Oph |} 174356.5 | +04 33 50 2.77 | K2 11 CN 0.5 — 120 0.1 
168454 | 6859 19 6 Sgr 18 21 36.1 | —29 49 24 2.70 | K2.5 Illa CN 0.5 — 20.0 +0.0 
171391 6970 18 35 34.1 | —1058 09 5.14 | G8 Ol + 69 0.2 
176047 19 00 22.3 | —3427 27 8.10 | Ki Il — 40.7 05 
182572 7373 Wisi Aql | 1925 25.4 | +115755 5.16 | G7IVH6 1 —100.5 0.4 

BD 28° 3402] 1935 23.1 | +29 0631 8.88 | F7V — 366 0.5 
187691 7560 | 54 o Aql | 1951 28.9 | +10 26 24 5. S| BS Ni + 0.1 +0.3 
193231 20 22 22.0 | —54 46 56 8.39 | GSV — 29.1 0.6 
194071 20 23 01.3 | +28 16 38 7.80 | G8 Il —- 98 O.1 
196983 20 42 26.2 | —33 51 13 9.08 | K2 Tl — 80 0.6 
203638 | 8183 | 33 Cap | 21 2441.8 | —20 48 40 5.41 | KOIL + 21.9 0.1 
204867 | 8232 | 22 B Agr | 21 3203.5 | —05 3144 2.91 | GOlIb + 67 +0.1 
212943 | 8551 35 Peg | 22 2820.4 | +04 44 37 4.79 | KOI + 543 0.3 
213014 22 28 39.2 | +17 1843 7.45 | G9 Il — 397 00 
213947 22 35 03.4 | +2638 51 6.88 | K2 + 16.7 0.3 
219509 23 1756.1 | —6652 06 8.71 | KS V + 62.3 0.5 
222368 | 8969 it tPsc | 23 4026.4 | +05 4040 43) RT Vi + 5.3 +0.2 
223311 9014 23 4901.8 | —06 19 40 6.07 | K4 I — 204 0.1 


H50 SELECTED VARIABLE STARS, J2009.5 


Right ere Magnitude Epoch Spectral 
Rane Aetna Dennen || nove Max” Min. | Type (24000004) Type 
h m s Co Wh ile a 
00 11 53.9]—11 25 33 ! p 31.2: |pec(UG) 
S Sel 1115} 00 15 51.0]}—31 59 33 |M 5.5 | 13.6} v |42345 362.57 |M3e—M9e(TC) 
T Get 1760} 00 22 15.1}—20 00 20 |SRe 5.0 6.9 | v |40562 158.9 |MS5—6SIle 
R And 1967} 00 24 32.2|+38 37 46 |M 5.8 | 14.9] v_ |43135 409.33 |S3,5e—S8,8e(M7e) 
TRY eRe 2411) 00 28 32.7|+17 56 44 |SR 4.65} 5.42! V |31387 49.1 | M3II—M4IIIb 
EG And} 4174} 00 45 08.5|+40 43 52 |Z And 7.08} 7.8] V M2Illep 
U Cep 5679} 01 03 11.9]+81 55 35 |EA 6.75} 9.24) V 151492.323 2.493) B7Ve + G8III—IV 
RX And 01 05 07.9|+41 21 00 |UGz 10.3 | 15.4] v 14: pec(UG) 
G Phe 6882] 01 08 46.9}—55 11 43 |EA 3.91} 4.42) V |41957.6058 1.670] B6V + BOV 
WX = Hyi 02 10 06.5]—63 15 59 |UGsu 9.6 | 14.85) V 13.7: |pec(UG) 
KK Per | 13136] 02 1055.4)+56 36 13 |Le 6.6 7.89] V M1.0lab—M3.5Iab 
0 Cet | 14386] 02 19 49.6] —02 56 06 |M 2.0} 10.1 | v_ |44839 331.96 | MSe—M9e 
VW Ari 15165} 02 27 16.3}+10 36 28 |SX Phe: 6.64, 6.76) V 0.149] FOIV 
U Cet | 15971] 02 34 11.1}/—13 06 26 |M 6.8 | 13.4 | v 42137 234.76 | M2e—M6e 
R Tri 16210} 02 37 37.1/+34 18 19 |M SABE 26" iy e452 266.9 |MA4IIle—M8e 
RZ Cas | 17138} 02 49 47.8|+69 40 25 |EA 6.18} 7.72) V_ |48960.2122 1.195) A2.8V 
R Hor | 18242) 02 54 11.7}—49 51 04 |M 47 | 143} v |41494 407.6 |MSe—M8ell—IiI 
p Per | 19058) 03 05 47.3}+38 52 35 |SRb 3.30} 4.0] V 50: M4IIb—IIIb 
B Per | 19356] 03 08 47.4/+40 59 30 |EA 2.12} 3.39) V_ |52207.684 2.867] B8V 
r Tau | 25204} 04 01 12.5)+12 3100 |EA 3.37; 3.91) V |47185.265 3.9531 B3V + A4IV 
VWsAHyi 04 09 07.5|—71 16 13 |UGsu 84] 144] v 27.3: |pec(UG) 
R Dor | 29712] 04 36 52.3] —62 03 31 |SRb 4.8 6.6 | v 338: MB8Ille 
HU Tau | 29365] 04 38 49.5}+20 42 11 JEA 5.85] 6.68] V_ |42412.456 2.056] B8V 
R Cae | 29844) 04 40 49.9] —38 13 02 |M 6:7_ | 13:7 |v "| 40645 390.95 | M6e 
R Pic 30551} 04 46 24.8}—49 13 45 |SR 6.35} 10.1 | V |44922 170.9 |M1lMe—M4lIle 
R Lep | 31996} 05 00 02.3}—14 47 33 |M SIS 711.7 |v 142506 427.07 | C7,6e(N6e) 
€ Aur | 31964] 05 02 39.1}+43 5011 |EA 2.92}. 3.83) V |35629 9892 A8la—F2epla + BV 
RX  Lep | 33664] 05 11 49.5}—11 50 16 |SRb 5.0 TA Vv 60: M6.2III 
AR Aur | 34364] 05 18 56.5|+33 46 36 |EA 6.15] 6.82} V |49706.3615 4.135] Ap(Hg—Mn) + B9V 
TZ Men} 39780] 05 28 25.3|—84 46 41 |EA 6.19] 6.87} V |39190.34 8.569) AlII + B9V: 
B Dor | 37350} 05 33 42.5|—62 29 01 |3 Cep 3.46] 4.08} V |40905.30 9.843] F4—G4la—Il 
SU Tau | 247925] 05 49 38.5}+19 04 05 |RCB 9.1 16.86] V G0—1lep(C1,0Hd) 
a Ori | 39801] 05 55 41.2}+-07 24 29 |SRe 0.0 leSlalh Si 2335 M1—M2Ia—Ibe 
U Ori | 39816] 05 56 23.0}+20 10 34 |M 48} 13.0] v |45254 368.3 |M6e—M9.5e 
SS Aur 06 14 05.6|+47 44 14 |UGss 1023) 1 SeSeleey; 55.5: |pec(UG) 
n Gem} 42995] 06 15 27.0}+22 30 12 |SRa+EA 3215 | Se ais i25 232.9 |M3lIIIab 
A Mon] 44990] 06 25 43.8}+-07 04 47 |6 Cep 5.58] 6.62} V |43784.615 27.025] F7lab—K 1 Tab +... 
RT = Aur | 45412} 06 29 10.7|+30 29 11 |6 Cep 5.00} 5.82} V_ |42361.155 3.728) F4Ib—G1 Ib 
WW Aur | 46052] 06 33 04.4/+32 26 50 |EA 5.79} 6.54} V_ |41399.305 2.525] A3m: + A3m: 
IR Gem 06 48 15.5]+28 04 04 |UGsu PA NE Wee) ANY das pec(UG) 
Is Gem} 49380} 06 50 18.4]+32 35 43 |SRe 6.6 Wey W 39 47: K3II 
fe Gem| 52973) 07 04 40.3!+20 33 20 |6 Cep 3.62} 4.18} V_ |43805.927 10.151] F7Ib—G3Ib 
Ly Pup | 56096} 07 13 49.7|—44 39 20 |SRb 2.6 6:27) Vv 140.6 |MS5Iille—M6lIIle 
R CMa} 57167} 07 19 54.0}—16 24 49 |EA 5.70} 6.34) V_ |50015.6841 1.136) FLV 
U Mon} 59693} 07 31 14.7]—09 47 50 |RVb 6.1 8.8 | p |38496 91.32 | F8eVIb—KOpIb(M2) 
U Gem} 64511} 07 55 38.9}+21 58 33 |UGss+E Hoy || Ss) |p Ay 105.2: | pec(UG) + M4.5V 
Vv Pup | 65818] 07 58 30.8}—49 16 16 |EB 4.35} 4.92) V |45367.6063 1.454] B1Vp + B3: 
AR Pup 08 03 22.8] —36 37 25 |RVb Sez 10:9) |p 74.58 | FOI—II—F8I—-I1 
Al Vel | 69213} 08 14 24.0]—44 36 18 |6 Sct GnlD | Gu GV) 0.116} A2p—F2pIV/V 
VE, Cam 08 26 16.0|+-73 04 46 |UGz 10.0} 14.5 | v 22: | pec(UG) + G1 


105578 
106111 


107397 
108105 
109372 
109914 
110311 


114961 
115322 
115898 


117287 


119090 
121518 
122250 


124601 
132742 
133640 


135876 
139216 
141527 
141850 
143454 


SELECTED VARIABLE STARS, J2009.5 


Ascension 


Right 


° / wu" 


hm s 
08 37 25.2|+53 26 38 
08 40 19.7} —17 20 15 


08 41 23.0}+09 47 24 
08 54 28.0}+57 46 29 
08 58 54.2}—41 50 06 


09 00 07.2}—27 51 14 
09 00 55.9) —51 35 35 
09 01 35.4)+17 51 40 
09 05 05.1] —32 25 05 
09 22 17.8] —52 36 19 


09 27 06.7} —63 40 18 
09 32 28.9] —62 49 52 
09 32 43.4|—28 40 12 
09 44 25.2}+55 54 31 
09 48 04.1}+11 23 04 


+67 30 00 
—61 35 44 
—59 44 04 
+67 21 41 
—59 46 59 


10 07 44.4 
10 09 40.1 
10 45 25.8 
10 45 43.0 
10 58 11.6 


10 59 40.2 
11 38 56.1 
1152 45.5 
12 09 53.6 
IQS 18:2) =7OL247 


12 20 54.4|+61 15 25 
12 25 43.6] +00 43 02 
12 35 28.4] —67 48 33 
12 38 58.9) +06 56 11 
12 42 40.5] —69 27 34 


+69 56 17 
+03 18 57 
+49 11 32 
—45 28 45 


12 43 49.8 
12 45 09.4 
13 14 33.8 
13 16 52.7 
I3MO S25 


13 30 14.0 
JIG} Sill says! 
13 42 18.4 
13 58 07.2 
14 06 17.1 


—54 34 48 
+36 42 44 
—02 51 26 
+06 27 16 
+45 28 39 


—23 19 49 
55, O1E29 
—33 38 42 
=57 45°26 
—76 50 31 


—71 2459 
—59 57 27 
—08'53: 22 
+47 37 03 
—72 05 54 


14 07 43.9 
14 17 15.9 
15 01 28.9 
15 04 06.1 
15 10 22.7 


15 19 33.9} —40 49 21 
15 36 54.6}+15 04 14 
15 48 57.9} +28 07 41 
15 51 08.0}+15 06 19 
15 59 54.0}+25 53 37 


Declination 


UGss+E 
SRa 


Type M ude 
Pe iM Min. 


agnit 
ax. 
93 | 18.49 
6.33} 6.91 
TALS 7.91 
LOIS |--1775 
10.0 | 16.83 
685)" 750 
6:69] | 7.19 
10.5) 14.1 
7.0 I ae//7/ 
8.8 | 10.2 
79 9.6 
BOR LOS 
6.4 6.92 
7.75| 8.48 
44] 11.3 
10.4 | 15.5 
4.5 O19 
—0.80) 7.9 
Sesh | 1G, 
S712\) 7.02 
O35) Tél 
9'6"| 16.2 
10.9 | 19.37 
Seinen O 
5.89} 6.49 
6.68} 8.3 
6.0 9.6 
5.85] 6.56 
6.1 Il 
rosie ows 
9.1 |<14.5 
92} 11.8 
6.40} 7.90 
6.92} 7.45 
6.52} 8.56 
Shs) || OS 
10.7 | 13.6 
5.5 9.0 
7.1 9.6 
6.4 8.6 
LOG | e277 
Doe) wes 
4.91) 5.90 
5.8 6.40 
O16e | lo. 
5.49} 6.0 
5.89] 7.07 
537 Ags 
5.16} 14.4 
PLOGIE 10:8 


Ke) cy RNS as) Wey lest Ma) Ray cE) ee 


Gite ee A Se 


2 eas ata ae Sa c's « 


aa ew 


39897.4246 


43187.2304 
42048 .6689 


39501 


29401 
42000 
46516.428 
51276.3967 


37320.055 


28015.51 
40299.42 


45361 


45872 
26496.288 


40740 
43929 


43596 
40264.780 
43242 


41942 
48788.426 
50945.4898 


47676.6274 


45521 
31860 


H51 


; Spectral 
Period Type 
d 
460: pec(UG) 
WS M4iIlII 
0.178] A7MI—F2II 
97: pec(UG) 
164.7: 
3.199] GS + G5 
6.889] B2.5V + B2.5V 
Die pec(UG) + G 
7000: pec(NOVA) 
M3eplb: + B 
67.5 |F7—F8 
308.71 |M4e—M8e 
0.648) A9Vn 
0.334] F8Vp + F8Vp 
309.95 |M6e—MB8ille—... 
204: pec(UG) + K 
149.49 | K5e—M6e 
pec(B) 
C6,3(NO) 
38.768] F6—G7Iab 
610 M2 
pec(UG) 
64.727| A7Ib—G2pe 
9.660} F6Ib—GO 
310: M2—M3UIe 
364.14 | C6,3e(Ne) 
Moéli—Iil 
145.63 | M3.5IIleE—M8.5e 
7.510] F7Ib—G2 
K 
B1—B9Veq +... 
150: M7III 
70: MOIII 


191.89 | M4e—M6ellla: 


388.87 | M6e—M9eS(TC) 
0.610] pec(UG) 


90.44 | KO:e—M4U:e 
M3Iab/b—M7 
119 M7III 
19: 

505 M4e—Mé8lle 
2.327| AOIV—V 
0.268} G2V + G2V 

C(R3) 
1.850] B7V 
100: MS5IIb—ILa 
CO,0(F8pep) 
356.41 | MSIIIe—M9e 
29000: M3III + pec(NOVA) 


H52 

Name HD No. 
AG Dra 
AT Dra | 147232 
U Sco 
g Her | 148783 
a Sco | 148478 
R Ara | 149730 
AH Her 
V1010 Oph | 151676 
ie Sco | 152236 
RS Sco | 152476 
V861 Sco | 152667 
a! Her | 156014 
VW Dra | 156947 
U Oph | 156247 
u Her | 156633 
RY Ara 
BM _ Sco | 160371 
V703 Sco | 160589 
x Sgr | 161592 
RS = Oph | 162214 
V539 Ara | 161783 
OP Her | 163990 
WwW Sgr | 164975 
VX Sgr | 165674 
RS Sgr _ | 167647 
RS)” Atel 
ve Sgr | 168608 
AC Her | 170756 
ut Lyr 
XY = Lyr | 172380 
x Oph | 172171 
R Sct | 173819 
Vv CrA | 173539 
B Lyr | 174638 
FN Sgr 
R Lyr | 175865 
K Pav | 174694 
FF Aql | 176155 
MT Tel | 176387 
R Aql | 177940 
RY Sgr | 180093 
RS Vul_ | 180939 
U Sge | 181182 
UX Dra | 183556 
BF Cyg 
CH Cyg | 182917 
RR Lyr | 182989 
Cl Cyg 
x Cyg | 187796 
n Aql_ | 187929 


SELECTED VARIABLE STARS, J2009.5 


Right Deeiination| =" type Magnitude Epoch Period Spectral 
Ascension Max. Min. |Type|(2400000+) ; Type 

h m Ss ° Pah 
16 01 44.5)+66 46 36 |Z And 8.9 | 11.8 | p {38900 554 K3Ilep 
16 17 25.0) +59 43 56 |Lb 6.8 They || 8) M4lilla 
16 23 03.7}—17 54.01 |Nr 8.7 | 19.3 | v |44049 pec(E) 
16 28 57.3]+41 51 40 |SRb 4.3 63 Haw 89.2 | MOIII 
16 29 59.5| —26 27 09 |Le 0.88} 1.16) V M1.5Iab—Ib 
16 40 32.3|—57 00 45 |EA 6.0 6.9 | p |25818.028 4.425) BSIV—V 
16 44 33.6/+25 14 00 |UGz TOR) 115.251 yy; 19.8: |pec(UG) 
16 50 00.3|—15 41 02 |EB 6.1 7.00} V |50963.757 0.661} ASV 
16 54 40.0] —42 22 37 |S Dor: 4.66] 4.86) V Bllape 
16 56 19.3|—45 07 04 |M 6.2 | 13.0 | v |44676 319.91 |MSe—M9 
16 57 15.7|—40 50 16 |EB 6.07| 6.40) V |43704.21 7.848] BO.SIae 
17 15 04.9|+14 22 48 |SRc 2.744 40} V MSIb—II 
17 16 36.4|+60 39 38 |SRd: 6.0 7.0] v 170: K1.5I1b 
17 17 00.7|+01 12 02 |EA 5.84] 6.56] V_ |52066.758 1.677| BSV + BSV 
17 17 40.6] +33 05 25 |EA 4.69} 5.37) V |48852.367 2.051} B1.SVp + BSIII 
17 21 49.3|—51 07 46 |RV 927) 1250) 7p. 1/30220 143.5 |G5—KO 
17 41 35.7| —32 13 08 |SRd 6.8 S377 |, sp 815: K2.5Ib 
17 42 54.1} —32 31 38 |6 Sct 7.58| 8.04) V |42979.3923 0.115] A9—GO 
17 48 09.5|—27 50 O01 |6 Cep 4.20} 4.90) V_ |40741.70 7.013) FS—G211 
17 50 43.9] —06 42 36 |Nr Ae || 11225" sev 839791 Ob + M2ep 
17 51 14.8} —53 36 52 |EA 5.66} 6.18) V |48016.7171 3.169] B2V + B3V 
17 57 04.9|+45 21 00 |SRb 5.85] 6.73} V |41196 120.5 |MS5IIb—Ia(S) 
18 05 37.6] —29 34 44 |5 Cep 4.29| 5.14) V_ |43374.77 7.595] F4—G2Ib 
18 08 38.4)—22 13 20 |SRe 6.52} 14.0 | V_ |36493 132 M4ela—M10ela 
18 18 14.0|—34 06 11 |EA 6.01} 6.97) V_ |20586.387 2.416] B3IV—V + A 
18 19 33.8|—46 32 38 |RCB 9.0 |}<14.0] vy C(RO) 
18 21 56.5}—18 51 18 |6 Cep 5.25} 6.24) V_ |40762.38 5.773] FS—GOIb—II 
18 30 40.4)+21 52 26 |RVa 6.85} 9.0 | V_ }35097.8 75.01 | F2PIb—K4e(CO0.0) 
18 32 39.8]+37 00 23 |Lb 7.84, 96] V C6,5(R6) 
18 38 25.3)+39 40 38 |Le 5.80) 6.35} V M4—SIb—II 
18 38 48.4] +08 50 35 |M 5.9 9.2 | v |44729 328.85 | MS5e—M9e 
18 47 59.4) —05 41 39 |RVa 4.2 8.6 | v |44872 146.5 | GOlae—K2p(M3)Ibe 
18 48 11.3}—38 08 53 |RCB 834) =16:5 || ay C(r0) 
18 50 25.8}+33 22 27 |EB 3.25} 4.36) V_ |52652.486 12.940] B8II—Ilep 
18 54 28.2|—18 58 56 |Z And 9 13.9 | ap pec(E) 
18 55 37.5|+43 57 32 |SRb 3788! P5108 Vi 46: MSI 
18 57 55.5|—67 13 13 |CWa 3.91] 4.78) V_ |40140.167 9.094] FS—GSI—II 
18 58 40.1}+17 22 27 |6 Cep 5.18] 5.68) V_ |41576.428 4.471] FSla—F8la 
19 02 54.3} —46 38 22 |RRc 8.68} 9.28] V |42206.350 0.317} AOW 
19 06 49.7|+08 14 42 |M 5.5} 12.0 | v |43458 270 MS5e—M9e 
19 17 09.9; —33 30 18 |RCB 5.8) 140] v GOlaep(C1,0) 
19 18 04.3}422 27 32 |EA 6.79} 7.83) V_ |32808.257 4.478] B4V + A2IV 
19 19 13.4)+19 37 42 |EA 6.45} 9.28) V |17130.4114 3.381)B8V + G2IN—IV 
19 21 14.9)}+76 34 41 |SRa: a4) | e715) W 168 C7,3(NO0) 
19 24 16.0|+29 41 37 |Z And O38) (138%4 >| Hp Bep + MSIII 
19 24 48.0)+50 15 38 |Z And+SR| 5.3 | 10.6] v M7IIlab + Be 
19 25 46.1)+42 48 11 |RRab 7.06] 8.12} V_ |50238.499 0.567] AS.O—F7.0 
19 50 33.0)+35 42 31 |Z And+EA|} 9.9 | 13.1 | p |11902 855.25 | Bep + MSHI 
19 50 55.8)+32 56 19 |M 3.3] 14.2 | v 142140 408.05 | S6,2e—S10,4e(MSe) 
19 52 57.4/+01 01 50 |5 Cep 3.48] 4.39] V_ |36084.656 7.177| Folb—G4Ib 


SELECTED VARIABLE STARS, J2009.5 H53 
Right Pre Magnitude |Mag.| Epoch : 
Netie et Ne: Aseton Detain HYDE Max. Min. Type (24000004) Reniog ine 
hm s ° pth 
V505 Sgr | 187949} 19 53 38.5|—14 34 42 |EA 6.46} 7.51) V_ |50999.3118 1183 A2V + F6: 
V449 Cyg | 188344! 19 53 42.6] +33 58 32 |Lb 7.4 9.07} B M1—M4 
S Sge | 188727) 19 56 27.2|+16 39 38 |6 Cep 5.24, 6.04) V |42678.792 8.382) F6lb—GS5Ib 
RR Sgr _ | 188378} 19 56 31.8] —29 09 52 |M 5.4 | 14.0] v |40809 336.33 | M4e—M9e 
RR Tel 20 05 03.7) —55 41 55 |Nc 6:57] 1655) p pec 
WZ Sse 20 08 01.5}+17 43 58 |UGwz/DQ | 7.8 | 15.8 | v 11900: DAep(UG) 
P Cyg | 193237} 20 18 08.2}+38 03 46 |S Dor 3 6 Vv BlIApeq 
Vv Sge 20 20 39.3)+21 07 59 |E+NL 8.6 | 13.9 | v_ |37889.9154 0.514] pec(CONT + e) 
EU Del _| 196610) 20 38 20.7]/+18 18 09 |SRb 5.79} 6.9 | V |41156 59.7 |M6.4III 
AE Aqr 20 40 38.6}—00 50 12 |NL/DQ 104 | 122) ¥ K2Ve +... 
x Cyg | 197572} 20 43 46.5|+35 37 21 |6 Cep 5.85} 6.91} V |43830.387 16.386] F7Ib—G8Ib 
Ak Vul | 198726} 20 51 52.5}+28 17 11 |6 Cep 5.41] 6.09} V |41705.121 4.435] FSIb—GOIb 
‘ib Cep | 202012} 21 09 39.1}+68 31 47 |M 5.2} 11.3) v |44177 388.14 | M5.5e—M8.8e 
VY Aqr 21 12 39.8|—08 47 15 |UGwz 10.0 | 17.38] V |17796 
W Cyg | 205730} 21 36 24.2}+45 25 03 |SRb 6.80} 8.9] B 131.1 |M4e—M6e(TC:)UI 
EE Peg | 206155} 21 40 29.9/+09 13 41 |EA 6.93} 7.51) V |45563.8916 2.628} A3MV + FS 
V460 Cyg | 206570} 21 42 25.2}+35 33 14 |SRb a 1| ) TORRY 180: C6,4(N1) 
SS Cyg | 206697) 21 43 05.3}+43 37 47 |UGss al 12.4] v 49.5: | KSV + pec(UG) 
RS — Gru | 206379} 21 43 41.3} —48 08 45 |6 Sct 7.92} 8.51) V |34325.2931 0.147; A6—A9TV—FO 
be Cep | 206936] 21 43 47.9}+58 49 26 |SRc SA Sail OW 730 M2ela 
AG Peg | 207757| 2151 29.7}+12 40 13 |Ne 6.0 94] Vv WN6 + M3 
VV Cep | 208816) 21 56 55.2}+63 40 15 |EA+SRc 4.80} 5.36] V |43360 7430 M2epla—... 
AR Lac | 210334} 22 09 03.9}+45 47 21 |EA/RS 6.08] 6.77) V |49292.3444 1.983) G2IV—V + KOIV 
RU Peg 22 14 30.6/+12 45 06 |UGss O50) WBion ay, 74.3: |pec(UG) + G8IVn 
1! Gru_ | 212087] 22 23 18.8]—45 53 59 |SRb 5.41} 6.70) V 150: S5,7e 
5 Cep | 213306} 22 29 31.5)+58 27 50 |6 Cep 3.48) 4.37) V_ |36075.445 5.366] FSIb—G1Ib 
ER = Aqr | 218074) 23 05 56.0} —22 26 08 |Lb TAA) 7ST M3 
Uh And | 221650} 23 34 07.5|+48 52 15 |Z And 8.0 | 124] p M2III + Bleq 
R Agr | 222800} 23 44 18.9}—15 1355 |M 5.8 | 12.4 | v |42398 386.96 | MS5e—M8.5e + pec 
TX  Psc | 223075} 23 46 52.7/+03 32 22 |Lb 4.79} 5.20) V C7,2(NO)(TC) 
SX Phe | 223065) 23 47 03.0]—41 31 53 |SX Phe 6.76} 7.53} V |38636.6170 0.055} AS—F4 
Notes to Table 
E eclipsing 5Sct 646 Scuti type 
EA _ eclipsing, Algol type SR semi-regular long period variable 
EB eclipsing, 6 Lyrae type SRa semi-regular, late spectral class, strong periodicities 
EW eclipsing, W Ursae Maj type SRb semi-regular, late spectral class, weak periodicities 
5 Cep cepheid, classical type SRe semi-regular supergiant of late spectral class 
CWa _ cepheid, W Vir type (period > 8 days) SRd semi-regular giant or supergiant, spectrum F, G, or K 
DQ DQHerculis type UG U Gem type dwarf nova 
Lb _ slow irregular variable UGss _U Gem type dwarf nova (SS Cygni subtype) 
Le irregular supergiant (late spectral type) . UGsu  U Gem type dwarf nova (SU Ursae Majoris subtype) 
M Mira type long period variable UGwz U Gem type dwarf nova (WZ Sagittae subtype) 
Nc _ very slow nova UGz U Gem type dwarf nova (Z Camelopardalis subtype) 
NL _ nova-like variable ZAnd Z And type symbiotic star 
Nr recurrent nova RRab_ RR Lyrae variable (asymmetric light curves) 
RS RS Canum Venaticorum type RRe RR Lyrae variable (symmetric sinusoidal light curves) 
RV RV Tauri type RCB_ R Coronae Borealis variable 
RVa RV Tauri type (constant mean brightness) S$ Dor S$ Doradus variable 
RVb_ RV Tauri type (varying mean brightness) SX Phe SX Phoenicis variable 
p photographic magnitude Vv photoelectric magnitude, visual filter 
Vv visual magnitude B photoelectric magnitude, blue filter 
uncertainty in period or spectral type < fainter than the magnitude indicated 


full spectral type given in Section L 


H54 


Name 


WLM 

NGC 0045 
NGC 0055 
NGC 0134 
NGC 0147 


NGC 0185 
NGC 0205 
NGC 0221 
NGC 0224 
NGC 0247 


NGC 0253 
SMC 
NGC 0300 
Sculptor 
IC 1613 


NGC 0488 
NGC 0598 
NGC 0613 
NGC 0628 
NGC 0672 


NGC 0772 
NGC 0891 
NGC 0908 
NGC 0925 
Fornax 


NGC 1023 
NGC 1055 
NGC 1068 
NGC 1097 
NGC 1187 


NGC 1232 
NGC 1291 
NGC 1313 
NGC 1300 
NGC 1316 


NGC 1344 
NGC 1350 
NGC 1365 
NGC 1399 
NGC 1395 


NGC 1398 
NGC 1433 
NGC 1425 
NGC 1448 
IC 342 


SELECTED BRIGHT GALAXIES, J2009.5 


Right 
Ascension 


h m s 
00 02 26 
00 14 32.5 
00 15 23 
00 30 50.1 
00 33 43.4 


00 39 29.3 
00 40 53.2 
00 43 13.1 
00 43 15.59 
00 47 36.6 


00 48 01.12 
00 52 58 
00 55 20.4 
OL 00 36 
0105 17 


01 22 16.4 
01 34 23.10 
O1 34 44.53 
01 37 12.5 
01 48 26.4 


01 59 51.0 
02 23 09.2 
02 23 30.9 
O2 2751.2 
02 40 23 


02 40 59.9 
02 42 14.5 
02 43 09.93 
02 46 43.27 
03 03 03.0 


03 10 11.1 
03 17 39.3 
03 18 22.9 
03 20 06.9 
03 23 03.48 


03 28 42.9 
03 31 30.6 
03 33 58.2 
03 38 50.9 
03 38 54.5 


03 39 16.2 
03 42 19.4 
03 42 34.7 
03 44 50.7 
03 47 44.1 


Declination 


— le 30) 
—23 07 42 
= 39 087. 
—33 11 30 
+48 33 39 


+48 23 21 
+41 4414 
+40 55 01 
+4119 15.3 
—20 42 30 


—25 14 11.1 
—72 44.9 
=6)1) Si) aks) 
=33'39.4 
+02 10.2 


+05 18 23 
+30 42 30.9 
29 22) 12:6 
+15 49 55 
+27 28 48 


Se OSel3 
+42 23 32 
el e28 
oo) 3 IulG 
—34 24.6 


+39 06 12 
+00 29 01 
+00 01 36.8 
—30 14 06.7 
—22 49 49 


—20 32 36 
—41 04 24 
=—66 27.51 
Ol 2238 
Se LO28S 


—31 02 08 
35,39 47, 
—36 06 32 
35) 20al3: 
Pd Se NS) 


—26 18 26 
—47 11 31 
—29 51 48 
—44 36 55 
+68 07 31 


IB(s)m 
SA(s)dm 
SB(s)m: sp 
SAB(s)be 
dES pec 


dE3 pec 
dES pec 
cB 
SA(s)b 
SAB(s)d 


SAB(s)c 
SB(s)m pec 
SA(s)d 
dSph 
IB(s)m 


SA(r)b 
SA(s)cd 
SB(rs)be 
SA(s)e 
SB(s)cd 


SA(s)b 
SA(s)b? sp 
SA(s)c 
SAB(s)d 
dSph 


SB(ts)0— 
SBb: sp 
(R)SA(rs)b 
SB(s)b 
SB(r)c 


SAB(rs)c 
(R)SB(s)O/a 
SB(s)d 
SB(ts)oc 
SAB(s)0° pec 


ES 
(R’)SB(r)ab 
SB(s)b 

El pec 

E2 


(R’)SB(r)ab 
(R’)SB(r)ab 
SA(s)b 
SAcd: sp 
SAB(rs)ed 


0.16 
0.76 
0.62 
0.23 


0.07 
0.30 
0.13 
0.49 
0.49 


0.61 
0.23 
0.15 
0.17 
0.05 


0.13 
0.23 
0.12 
0.04 
0.45 


0.23 
0.73 
0.36 
0.25 
0.18 


0.47 
0.45 
0.07 
0.17 
0.13 


0.06 
0.08 
0.12 
0.18 
0.15 


0.24 
0.27 
0.26 
0.03 
0.12 


0.12 
0.04 
0.35 
0.65 
0.01 


129 
41 


1132 

8.42 
11.23 
10.47 


10.10 
8.92 
9.03 
4.36 
9.67 


8.04 
2.70 
8.72 
9.53 

9.88 


LIEdS 
6.27 
10.73 
9.95 
11.47 


11.09 
10.81 
10.83 
10.69 
8.4: 


10.35 
11.40 

9.61 
10.23 
11.34 


10.52 
0:39 
9.2 

Lilet 
9.42 


11.27 
11.16 
10,32 
10.55 
10.55 


10.57 
10.70 
11.29 
11.40 

9.10 


0.7 
0.67 


0.87 
0.55 
0.68 
0.56 
0.58 


+0.35 
—0.10 
+0.06 


—0.10 


+0.26 
“027 
0.00 


0.78 
0.88 
0.65 
0.57 
0.62 


1.00 
0.81 
0.74 
0.75 
0.56 


+0.04 


+0.56 
+0.19 
+0.09 
+0.23 
—0.05 


0.00 
+0.46 
—0.24 
+0.11 
+0.39 


+0.44 
+0.34 
+0.16 
+0.50 
+0.58 


0.90 | +0.43 
OF794)'4-0.21 
0.68 | +0.11 
0.72 | +0.01 


0.63 
0.93 
0.49 
0.68 
0.89 


0.88 
0.87 
0.69 
0.96 
0.96 


SELECTED BRIGHT GALAXIES, J2009.5 


Name MORcan Declination Type L ee 
yas) O° fF Vu 

NGC 1512 |040412.9 | —43 19 24 SB(r)a 121 TESS, 
IC 356 0408 46.5 | +6950 14 SA(s)ab pec 1.72 
NGC 1532 |041226.2 | —325101 SB(s)b pec sp | 1.9] 2.10 
NGC 1566 | 04 2013.3 | —545457 SAB(s)be GI ey 
NGC 1672 |044551.8 | —59 1350 SB(s)b Solaaes2 
NGC 1792 | 05 0534.0 | —375805 SA(rs)be 4.0} 1.72 
NGC 1808 | 05 08 02.05 | —37 3003.3 | (R)SAB(s)a 1.81 | 0.22 
LMC 05 23.5 —69 44 SB(s)m oye) |) sskreslll | OMO7/ 
NGC 2146 | 06 2008.6 | +7821 08 SB(s)ab pec 3.4] 1.78 | 0.25 
Carina 06 41 51 —50 58.6 dSph [2.25]| 0.17 
NGC 2280 | 0645 11.8 | —27 3856 SA(s)cd A ph\| MN g30) |) O33 
NGC 2336 | 07 2840.9 | +8009 30 SAB(r)be 1A eS S| 2026 
NGC 2366 |072955.4 | +6911 49 IB(s)m toad |) IE | ORS 
NGC 2442 | 073622.0 | —69 33 08 SAB(s)be pec | 2.5} 1.74 | 0.05 
NGC 2403 | 07 3745.2 | +65 34 47 SAB(s)cd 5.4] 2.34 | 0.25 
Holmberg II | 08 20 05 +70 41.1 Im 8.0} 1.90 | 0.10 
NGC 2613 | 08 3347.8 | —23 00 22 SA(s)b 3.0} 1.86 | 0.61 
NGC 2683 | 0853 16.7 | +33 23 06 SA(ts)b 4.0) 1.97 | 0.63 
NGC 2768 |091221.4 | +595954 E6: ONT F028 
NGC 2784 |091244.8 | —2412 42 SA(s)0°: 1.74 | 0.39 
NGC 2835 | 09 1818.7 | —22 23 42 SB(ts)c 1.8} 1.82 | 0.18 
NGC 2841 | 09 22 41.83 | +5056 08.6 | SA(r)b: | IES |) Os 
ING@ 2903950932 4230s EEA 27 32. SAB(rs)be ey) HMO | Oks 
NGC 2997 | 09 4603.7 | —31 1406 SAB(rs)c Gi RO Sm LO 
NGC 2976 |094801.6 | +6752 19 SAc pec 6.8| 1.77 | 0.34 
NGC 3031 | 09 56 19.458 | +69 01 11.90] SA(s)ab 2.2| 2.43 | 0.28 
NGC 3034 | 0956 39.3 | +69 38 04 10 2.05 | 0.42 
NGC 3109 | 1003 38.4 | —261215 SB(s)m 8.2| 2.28 | 0.71 
NGC 3077 | 10 04 04.1 +68 41 16 10 pec 1.73 | 0.08 
NGC 3115 | 1005 42.4 | —0745 54 SO- 1.86 | 0.47 
Leo I 100858.0 | +1215 39 dSph [1.82] } 0.10 
Sextans 10 13.5 —01 40 dSph [2.52] | 0.91 
NGC 3184 |101850.9 | +41 22 35 SAB(rs)cd 3.5| 1.87 | 0.03 
NGC 3198 | 102029.7 | +45 3007 SB(ts)c 2.6) 1.93 | 0.41 
NGC 3227 | 102401.66 | +194900.4 | SAB(s)apec | 3.5] 1.73 | 0.17 
IC 2574 1029 03.0 | +68 21 48 SAB(s)m 8:0) (25129) F039 
NGC 3319 | 103942.6 | +41 38 13 SB(ts)cd 3.8) || 17955026 
NGC 3344 |104402.2 | +2452 20 (R)SAB(r)be | 1.9} 1.85 | 0.04 
NGC 3351 | 104427.8 | +11 39 13 SB(r)b SBE Sia LON. 
NGC 3359 | 104713.9 | +63 10 26 SB(rs)c 3.0] 1.86 | 0.22 
NGC 3368 | 1047 15.74 | +114611.3 | SAB(rs)ab 3.4] 1.88 | 0.16 
NGC 3377 |104812.5 | +13 5607 E5—6 1.72 | 0.24 
NGG3379) |MO48i97" = \FR1231 53 El Vem 0:05 
NGC 3384 | 104847.0 | +1234 44 SB(s)0": 1.74 | 0.34 
NGC 3486 | 1100549 | +2855 26 SAB(r)c 2.6] 1.85 | 0.13 
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H56 SELECTED BRIGHT GALAXIES, J2009.5 

Name Ren Declination Type L Poe aie PAS Be || sB—V- 

Ascension (Dos) | (Ras) we - 
HU pice a eo of Wt ° 

NGC 3521 | 110617.79 | —0005 14.2 | SAB(rs)bc 3.6 2:047)/0!33%| 163:) 983i S080 
NGC 3556 | 11 12 04.0 +55 37 22 SB(s)cd 5.7| 1.94 | 0.59 80} 10.69} 0.66 
NGC 3621 | 11 18 44.2 —32 5157 SA(s)d 5.8] 2.09 | 0.24] 159] 10.28] 0.62 
NGC 3623 | 11 19 25.6 +13 02 25 SAB(ts)a 3.3] 1.99 | 0.53 | 174] 10.25] 0.92 
NGC 3627 | 11 2044.71 | +125621.8 | SAB(s)b 3.0} 1.96 | 0.34] 1731} 9.65} 0.73 
NGC 3628 | 11 20 46.7 +13 32 12 Sb pec sp 4.5} 2.17 | 0.70! 104; 10.28} 0.80 
NGC 3631 LT 23510) +53 07 02 SA(s)c 1.8] 1.70 | 0.02 11.01] 0.58 
NGC 3675 | 11 26 39.5 +43 32 00 SA(s)b 3.3] 1.77 | 0.28 | 178} 11.00 
NGC 3726 | 11 3351.9 +46 58 36 SAB(r)c DD) a7 Dg FONG 10} 10.91] 0.49 
NGG@3923 | 1S 30:7 —28 51 32 E4—-5 77 POT S3| SSO 1038 1.00 
NGC 3938 | 11 53 19.0 +44 04 05 SA(s)c 1.1 jle738|" 0:04: 10.90} 0.52 
NGC 3953 | 11 54 18.5 +52 16 26 SB(r)be 1.8} 1.84 | 0.30 13] 10.84} 0.77 
NGC 3992 | 11 58 05.4 +53 19 19 SB(ts)be 11 | 2-88") 50:21 68] 10.60} 0.77 
NGC 4038 | 1202 22.2 —1855 17 SB(s)m pec ADiale 2a Ol23 80} 10.91} 0.65 
NGC 4039 | 12 02 22.9 —18 56 20 SB(s)m pec S28) MLF2 0.290) SE Ae ee TO 
NGC 4051 12 03 38.65 | +44 28 42.3 | SAB(rs)be 3:3.) 1.728)905139) 13854-110:83'| F065 
NGC 4088 | 12 06 03.0 +50 29 12 SAB(rs)be 3.9) | 1E7 6a eO4T 43) 11.15} 0.59 
NGC 4096 | 12 06 29.9 +47 25 31 SAB(rs)c ADs ES24|FO!S7 20} 11.48} 0.63 
NGC 4125 | 12 08 34.2 +65 07 17 E6 pec 1.76 | 0.26] 95] 10.65} 0.93 
NGC 4151 12 11 01.30 | +3921 10.6 | (R’)SAB(rs)ab: 1.80 | 0.15 50} 11.28} 0.73 
NGG4192) 12 14 17:3 +14 50 52 SAB(s)ab 2.9} 1.99 | 0.55 | 155} 10.95} 0.81 
NGC 4214 | 12 16 08.0 +36 16 26 IAB(s)m 5.8] 1.93 | 0.11 10.24} 0.46 
NGC 4216 | 12 1623.4 +13 05 48 SAB(s)b: 3.0} 1.91 | 0.66 19} 10.99] 0.98 
NGC 4236 | 121711 +69 24.3 SB(s)dm 7.6| 2.34 | 0.48 | 162} 10.05} 0.42 
NGC 4244 | 12 1758.2 +3745 17 SA(s)ed: sp TON 222819 O94) 48] 10.88} 0.50 
NGC 4242 | 12 1758.3 +45 33 59 SAB(s)dm 6.2 ee On TOM 25 et IT LOlDS4 
NGC 4254 | 1219 18.5 +14 21 50 SA(s)c 13:| Lee 0:06 10.44] 0.57 
NGC 4258 | 12 1925.58 | +47 1504.5 | SAB(s)be 3.5} 2.27 | 0.41 | 150} 9.10} 0.69 
NGC 4274 | 12 2019.19 | +29 33 42.9 | (R)SB(r)ab 4.0} 1.83 | 0.43 | 102] 11.34] 0.93 
NGC 4293 | 12 21 41.63 | +18 1948.0 | (R)SB(s)O/a 1756) 70:34 72| 11.26] 0.90 
NGC 4303 | 12 22 24.02 | +04 25 15.6 | SAB(rs)bc 2.0} 1.81 | 0.05 10.18] 0.53 
NGC 4321 1223238) +15 46 11 SAB(s)be 1.1] 1.87 | 0.07 30} 10.05] 0.70 
NGC 4365 | 12 24 57.3 +07 15 55 E3 1.84 | 0.14 40} 10.52] 0.96 
NGC 4374 | 12 25 32.636] +12 50 03.92] El 1.81 | 0.06 | 135] 10.09} 0.98 
NGC 4382 | 12 25 52.8 +18 08 19 SA(s)0* pec sSy Ai (Oui bll 10.00} 0.89 
NGC 4395 | 12 26 17.2 +33 29 40 SA(s)m: 7.3| 2.12 | 0.08 | 147] 10.64) 0.46 
NGC 4406 | 12 2640.65 | +1253 37.2 | E3 1.95 | 0.19 | 130] 9.83) 0.93 
NGC 4429 | 12 2755.5 +1103 18 SA(r)0* 1.75 | 0.34] 99] 11.02} 0.98 
NGC 4438 | 12 28 14.43 | +1257 23.3 | SA(s)0/a pec: 1.93 | 0.43 27| 11.02] 0.85 
NGC 4449 | 12 28 38.8 +44 02 28 IBm 6:7 | PLE7OS | ONS 45} 9.99] 0.41 
NGC 4450 | 12 2858.30 | +1701 57.2 | SA(s)ab eS 2 Fl O13) M75 10/904 20°82 
NGC 4472 | 12 3015.73 | +07 5652.7 | E2 2.01 | 0.09 | 155} 9.37] 0.96 
NGC 4490 | 12 31 03.9 +41 35 26 SB(s)d pec 5.4} 1.80 | 0.31 | 125] 10.22] 0.43 
NGC 4486 | 12 31 18.259 | +12 20 19.41 | E+0—1 pec 1.92 | 0.10 9.59} 0.96 
NGC 4501 12 32 27.91 | +142205.0 | SA(ts)b 2.4} 1.84 | 0.27 | 140} 10.36} 0.73 
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SELECTED BRIGHT GALAXIES, J2009.5 


T 
Right ane Log | Lo 

Name sha etl Declination Type a a 
h m s Ce Wl 6 
NGC 4517 | 12 33 14.8 +00 03 45 SA(s)cd: sp 5261/2102 | 0:838|5 183 
NGC 4526 | 12 3431.96 | +0738 49.4 | SAB(s)0°: 1.86 | 0.48 | 113 
NGC 4527 | 12 3437.58 | +02 3606.1 | SAB(s)bc 3.3) ole 798) 0.471) 167 
NGC 4535 | 12 34.49.23 | +08 08 43.8 | SAB(s)c KO} ESS ONS: 0 
NGC 4536 | 12 34 56.2 +02 08 08 SAB(rs)be 2.0} 1.88 | 0.37} 130 
NGC 4548 | 12 35 55.1 +14 26 39 SB(ts)b 223)! PAE UNEOAOK ALSO 

NGC 4552 | 12 36 08.7 +12 30 14 EO-1 1.71 | 0.04 
NGC 4559 | 12 36 25.9 +27 54 28 SAB(rs)cd 4.3} 2.03 | 0.39} 150 
NGC 4565 | 12 3649.02 | +25 5607.5 | SA(s)b? sp 1.0} 2.20 | 0.87 | 136 
NGC 4569 | 12 37 18.53 | +13 06 38.7 | SAB(rs)ab 2.4] 1.98 | 0.34] 23 
NGC 4579 | 1238 12.31 | +114557.9 | SAB(rs)b Sel | ee ORO) S295 
NGC 4605 | 12 40 24.4 +61 33 26 SB(s)c pec 5.7| 1.76 | 0.42 | 125 
NGC 4594 | 12 40 29.099 | —11 40 30.43 | SA(s)a 1.94 | 0.39 | 89 
NGC 4621 | 12 42 31.0 +11 35 42 ES 1.73 | 0.16 | 165 
NGC 4631 | 12 42 35.7 ol 29 22 SB(s)d SOM ZAOR SO: 769) M86 
NGC 4636 | 12 43 18.9 +02 38 09 E0-—1 ed 8314 O. Lala) ASO 
NGC 4649 | 12 44 08.7 +11 30 02 E2 1.87 | 0.09 | 105 
NGC 4656 | 12 44 26.2 32.07 12 SB(s)m pec TON EZASE=Oi 71533 
NGC 4697 | 12 4905.3 —05 51 08 E6 1SOn | POM9R F970: 
NGC 4725 | 1250 54.5 +25 26 58 SAB(r)ab pec | 2.4} 2.03 | 0.15] 35 
NGC 4736 | 1251 19.81 | +41 0407.3 | (R)SA(@ab 3.0] 2.05 | 0.09 | 105 
NGC 4753 | 12 5251.4 —01 15 03 10 1.78) || 0:33.80 
NGC 4762 | 12 53 24.6 +11 1045 SB(r)0°? sp 1.94 | 0.72] 32 
NGC 4826 | 1257 11.6 +21 37 54 (R)SA(ts)ab 3.5) 2:00" |) O27 \e115 
NGC 4945 | 13 06 00.9 —49 31 09 SB(s)cd: sp 6.7) |e 2-500 O25 43 
NGC 4976 | 1309 11.1 —49 33 23 E4 pec: 1.75 | 0.28 | 161 
NGC 5005 | 13 11 22.54 | +3700 31.4 | SAB(ts)be 3:39=1276) "0:32 "65 
NGC 5033 | 13 1353.73 | +36 32 37.4 | SA(s)c pid oresVoy NOS alle AZAD 
NGC 5055 | 13 16 14.8 +41 58 46 SA(rs)be 3.9} 2.10 | 0.24] 105 
NGC 5068 | 13 19 25.6 —2105 19 SAB(rs)cd 4.7} 1.86 | 0.06} 110 
NGC 5102 | 13 22 30.1 —36 40 47 SAO- 1.94 | 0.49 | 48 
NGC 5128 | 13 26 01.159 | —43 04 06.02 | E1/SO + S pec 2ATe | OWM 35 
NGC 5194 | 1330 16.69 | +4708 46.7 | SA(s)be pec Sei 2050 Oral OS 
NGG S195) 913: 302355 +47 13 02 I0 pec 1.76 || .0.10:), .29 

NGC 5236 | 13 37 32.6 —29 54 46 SAB(s)c 2-8) 2:1 10,05 
NGC 5248 | 13 3800.43 | +0850 14.6 | SAB(rs)be 1.8] 1.79 | 0.14) 110 
NGC 5247 | 13 3833.97 | —175555.3 | SA(s)be LES) E7SY 02065)" *20 
NGC 5253 | 13 4028.50 | —314117.0 | Pec 1.70 | 0.41} 45 
NGC 5322 | 13 49 34.29 | +6008 36.7 | E3—4 | ODS Fe95 
NGC 5364 | 13 56 40.7 +04 58 07 SACs) be pech SUNT 1:83) | O.197e" 30 

NGC 5457 | 14 03 32.6 +54 18 12 SAB(ts)cd 1.1] 2.46 | 0.03 
NGC 5585 | 14 20 06.2 +56 41 09 SAB(s)d Go) Waikey | ORIG 670) 
NGC 5566 | 14 20 48.7 +03 53 26 SB(r)ab 3.6| 1.82 | 0.48} 35 
NGC 5746 | 1445 24.8 +01 54 54 SAB(ts)b? sp | 4.5} 1.87 | 0.75 | 170 
Ursa Minor | 15 09 07 +67 11.4 dSph [2.50] } 0.35 53 
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SELECTED BRIGHT GALAXIES, J2009.5 


Name 


NGC 5907 
NGC 6384 
NGC 6503 
Sgr Dw Sph 
NGC 6744 


NGC 6822 
NGC 6946 
NGC 7090 
IC 5152 
IC 5201 


NGC 7331 
NGC 7410 
IC 1459 
IC 5267 
NGC 7424 


NGC 7582 
1@5332 
NGC 7793 


Right 
Ascension 
h m Ss 

15 16 08.4 
17, 32/520 
17 49 20.5 


18 55.8 
19 10 40.0 


19 45 29 
20 35 04.29 
21 37 08.2 
22 03 18.5 
222M ZN 


223i 30.21 
22799) 93.0 
22°57 42.33 
22 57 45.9 
22 S506 


23 18 55.0 
23 34 57.6 
23 58 19.1 


Declination 
+56 17 39 SA(s)c: sp 0.96 | 155 
+07 03 14 SAB(r)bc LD 79 S| ROSLSH) SO 
+70 08 31 SA(s)ed 5:2) 1485 81 0.475) 123 
—30 29 dSph [4.26] | 0.42 | 104 
—63 50 29 SAB(r)be 33H 2S 0Re0: 195 | aul 
—14 46.9 IB(s)m 8.5} 2.19 | 0.06 5 
+60 11 13.5 | SAB(rs)ed 2.3} 2.06 | 0.07 
—54 30 50 SBc? sp L874} 50.7 Fe| A277 
—51 1459 IA(s)m 8.4} 1.72 | 0.21 | 100 
—45 59 15 SB(rs)ed 5.11.93 | 0.347) 233 
+34 27 54.8 | SA(s)b 2.2} 2.02 | 0.45} 171 
=39 36 38 SB(s)a 13724) 0:515) 145 
—36 24 40.7 | E3—4 1.72 | 0.14} 40 
—43 20 43 SA(rs)0/a 1.72 | 0.13 | 140 
—41 01 11 SAB(rs)cd 4.0} 1.98 | 0.07 
—42 1908 (R’)SB(s)ab 1.70 | 0.38 | 157 
—36 02 55 SA(s)d 379) ESO a TOMO 
—32 32 18 SA(s)d 39) | aS | ON al a98 
Alternate Names for Some Galaxies 

Leo I Regulus Dwarf 

LMC Large Magellanic Cloud 

NGC 224 Andromeda Galaxy, M31 

NGC 598 Triangulum Galaxy, M33 

NGC 1068 M77, 3C 71 

NGC 1316 Fornax A 

NGC 3034 M82, 3C 231 

NGC 4038/9 The Antennae 

NGC 4374 M84, 3C 272.1 

NGC 4486 Virgo A, M87, 3C 274 

NGC 4594 Sombrero Galaxy, M104 

NGC 4826 Black Eye Galaxy, M64 

NGC 5055 Sunflower Galaxy, M63 

NGC 5128 Centaurus A 

NGC 5194 Whirlpool Galaxy, M51 

NGC 5457 Pinwheel Galaxy, M101/2 

NGC 6822 Barnard’s Galaxy 

Sgr Dw Sph _ Sagittarius Dwarf Spheroidal Galaxy 

SMC Small Magellanic Cloud, NGC 292 

WLM Wolf-Lundmark-Melotte Galaxy 


SELECTED OPEN CLUSTERS, J2009.5 59 

TAU Appt. Log | Mag. Metal— | Trumpler 

Designation Name mS Ree: Diam. | 2% (age) Mem.! Ew-v) licity ek 
hm s ° Pi / Ne 
C0001—302 | Blanco 1 00 04 36} —29 4650} 70.0 269 1.196 8} 0.010 | +0.04 | IV 3 m 
C0022+610 | NGC 103 00 25 48 | +61 22 33 4.0 | 3026 | 8.126] 11 | 0.406 iim 
C0027+599 | NGC 129 00 30 32 | +601615]| 19.0 | 1625 | 7.886} 11 | 0.548 Il 2m 
C0029+628 | King 14 00 32 27 | +63 13 09 8.0 | 2960 | 7.9 10 | 0.34 Il 1 p 
C0030+630 | NGC 146 00 33 36 | +63 21 14 7.0 | 3470 | 7.11 0.55 MN 7) 
C0036+608 | NGC 189 00 40 08 | +61 08 50 S.O5" W52817200; 0.42 ll 1p 
C0040+615 | NGC 225 00 44 13 | +61 4937] 12.0] 657 | 8.114 0.274 Ii 1 pn 
C0039+850 | NGC 188 00 48 29} +85 1824] 17.0 | 2047 | 9.632 10 | 0.082 | —0.010 UP Ase 
C0048+579 | King 2 00 51 34} +58 14 06 5.0 | 5750 | 9.78 17+} O31 1) Ain 
IC 1590 00 53 23 | +56 40 47 4.0 | 2940 | 6.54 0.32 
C0112+4598 | NGC 433 Ol 15 47 | +60 10 36 2 OF R26238 iO 9 | 0.86 Il 2 p 
C0112+585 | NGC 436 O1 16 34} +58 51 42 5.0 | 3014 | 7.926 10 | 0.460 12m 
C0115+580 | NGC 457 01 20 11} +58 2011] 20.0 | 2429 | 7.324 6 | 0.472 Meine 
C0126+630 | NGC 559 01 30 10} +63 21 20 6.0 | 1258 | 7.748 9 | 0.790 Iilm 
C0129+604 | NGC 581 O01 34 01 | +60 41 55 5.0 | 2194 | 7.336 9 | 0.382 12m 
C0132+-610 | Trumpler 1 01 36 21} +61 19 54 3.0 | 2563 | 7.60 10 | 0.582 Il 2p 
C0139+637 | NGC 637 O1 43 45 | +6405 15 3.0 | 2160 | 6.980 8 | 0.634 12m 
C0140+616 | NGC 654 O01 44 40 | +61 55 57 5.0 | 2410 | 7.0 10 | 0.82 LUDA Se 
C0140+604 | NGC 659 01 45 03 | +60 43 15 5.0 | 1938 | 7.548 10 | 0.652 2m 
C0144+717 | Collinder 463 | 01 46 31} +7151 26] 57.0] 702} 8.373 0.259 2m 
C0142+610 | NGC 663 01 46 49 | +61 1656} 14.0 | 2420 | 7.4 9 | 0.80 u3r 
C0149+615 | IC 166 0153 10} +61 52 48 7.0 | 3970 | 8.629] 17] 1.050 | —0.178) Ilr 
C0154+374 | NGC 752 0158 15 | +37 4952} 75.0} 457 | 9.050 8 | 0.034 | —0.088 |) I 2 r 
C0155+552 | NGC 744 0159 11} +55 31 09 5.0 | 1207 | 8.248 10 | 0.384 Il 1 p 
C0211+590 | Stock 2 02 15 24} +5931 44] 60.0 | 303 | 8.23 0.38 2 im 
C0215+569 | NGC 869 02 1940} +571018] 18.0 | 2079 | 7.069 TOS IO Bhar 
C0218+568 | NGC 884 02 22 59 | +57 10 47 18.0 | 2345 | 7.032 7 | 0.560 1G Sane 
C0225+604 | Markarian 6 02 30 23 | +60 44 55 6.0} 698 | 7.214 8 | 0.606 Te: 
C0228+612 | IC 1805 02 33 26} +61 2929] 20.0 | 2344 | 6.48 9 | 0.87 Il 3 mn 
C0233+557 | Trumpler 2 02 37/345 LSS 542i LON i2aea95) 0.40 WN jo) 
C0238+425 | NGC 1039 02 42 42 | +42 4806} 35.0} 499 | 8.249 9 | 0.070 | —0.30 13s; 
C0238+613 | NGC 1027 02 43 25 | +61 3806] 20.0 | 772 | 8.203 9 | 0.325 Il 3 mn 
C0247+602 | IC 1848 025156} +6028 19} 18.0 | 2002 | 6.840 0.598 I 3 pn 
C0302+441 | NGC 1193 03 06 34 | +44 25 11 3.0 | 4300 | 9.90 14 | 0.12 —0.293 1a Dem 
NGC 1252 03 11 03 | —57 43 52 14.0 | 640 | 9.48 0.02 

C0311+470 | NGC 1245 03 1522} +47 1617} 40.0 | 2800 | 9.02 12 | 0.68 | +0.10 IW Qe 
C0318+484 | Melotte 20 03 25 00 | +49 53 41 | 300.0 185 | 7.854 3 | 0.090 Il 3 m 
C0328+371 | NGC 1342 03 32 15 | +37 24 31 15.0 | 665 | 8.655 8 | 0.319 | —0.16 | II 2m 
C0341+321 | IC 348 03 45 10 | +32 11 34 8.0 | 385 | 7.641 0.929 
C0344+239 | Melotte 22 03 47 34} +2408 44) 120.0) 133} 8.131 3 | 0.030 | —0.03 13am 
C0400+524 | NGC 1496 04 05 16} +52 41 14 4.0 | 1230 | 8.80 12 | 0.45 Il 2 p 
C0403+622 | NGC 1502 04 08 41 | +62 21 23 8.0 | 1080 | 6.90 7| 0,75 13 gan 
C0406+493 | NGC 1513 04 10 39 | +4932 22) 10.0 | 1320 | 8.11 11 | 0.67 im 
C0411+511 | NGC 1528 04 1606} +51 14 18 16.0 | 1090 | 8.6 10 | 0.26 Il 2m 
C0417+448 | Berkeley 11 04 21 17] +44 56 20 5.0 | 2200 | 8.041 15 | 0.95 Il 2m 
C0417+501 | NGC 1545 04 21 40 | +50 16 31 18.0 | 711 | 8.448 9 | 0.303 | —0.060 | IV 2 p 
C0424+157 | Melotte 25 04 27 27} +1553 15] 330.0 45 | 8.896 4] 0.010 | +0.13 
C0443+189 | NGC 1647 04 46 28 | +190754} 40.0 | 540 | 8.158 9 | 0.370 NS 
C0445+108 | NGC 1662 04 4859} +105710] 20.0] 437 | 8.625 9 | 0.304 | —0.095| II 3 m 
C0447+436 | NGC 1664 04 51 47 | +43 41 26 9.0 | 1199 | 8.465 10 | 0.254 


SELECTED OPEN CLUSTERS, J2009.5 


H60 
ru ; Name 

Designation 

h ta ss 
C0504+369 | NGC 1778 05 08 43 
C0509+166 | NGC 1817 OS 12 48 
C0518—685 | NGC 1901 OS 18 13 
C0519+333 | NGC 1893 05 23 21 
C0520+295 | Berkeley 19 OS 24 42 
C0524+352 | NGC 1907 05 28 43 
C0524+343 | Stock 8 05 28 45 
C0525+358 | NGC 1912 05 29 18 
C0532+099 | Collinder 69 | 05 35 37 
C0532—059 | NGC 1980 05°35'52 
C0532+341 | NGC 1960 05 36 56 
C0536—026 | Sigma Orionis | 05 39 11 
C0535+379 | Stock 10 05 39 39 
C0546+336 | King 8 05 50 02 
C0548+217 | Berkeley 21 05 52 16 
C0549+325 | NGC 2099 05 52 55 
C0600+104 | NGC 2141 06 03 27 
C0601+240 | IC 2157 06 05 25 
C0604+241 | NGC 2158 06 08 00 
C0605+139 | NGC 2169 06 08 56 
C0605+243 | NGC 2168 06 09 35 
C0606+203 | NGC 2175 06 10 13 
C0609+054 | NGC 2186 06 12 37 
C0611+128 | NGC 2194 06 14 17 
C0613—186 | NGC 2204 06 15 58 
C0618—072 | NGC 2215 06 21 17 
C0624—047 | NGC 2232 06 27 43 
C0627—312 | NGC 2243 06 29 56 
C0629+049 | NGC 2244 06 32 25 
C0632+084 | NGC 2251 06 35 09 
C0634+094 | Trumpler 5 06 37 13 
C0635+020 | Collinder 110 | 06 38 54 
C0638+099 | NGC 2264 06 41 29 
C0640+270 | NGC 2266 06 43 55 
C0644—206 | NGC 2287 06 46 25 
C0645+411 | NGC 2281 06 48 57 
C0649+-005 | NGC 2301 06 52 14 
C0649—070 | NGC 2302 06 52 23 
C0649+030 | Berkeley 28 06 52 42 
C0655+065 | Berkeley 32 06 58 37 
C0700—082 | NGC 2323 07 03 09 
C0701+011 | NGC 2324 07 04 36 
C0704—100 | NGC 2335 07 07 16 
C0705—105 | NGC 2343 07 08 33 
C0706—130 | NGC 2345 07 08 44 
C0712—256 | NGC 2354 07 14 33 
C0712—102 | NGC 2353 07 14.57 
C0712—310 | Collinder 132 | 07 15 42 
C0714+138 | NGC 2355 07 17 31 
C0715—367 | Collinder 135 | 07 17 37 


pede POPPE | oe 
Diam 

+370206| 8.0 | 1469 
+16 4203] 16.0 | 1972 
~68 2537| 40.0] 415 
4332513] 25.0 | 6000 
4293629] 4.0 | 4831 
4351956] 7.0 | 1800 
4342550] 15.0 | 1821 
4355120] 20.0 | 1400 
+409 5620] 70.0} 400 
—05 5434] 20.0| 500 
43408 43 10.0 | 1330 
023543] 10.0] 399 
4375617] 25.0| 380 
433 3808| 4.0 | 6403 
4214707] 5.0 | 5000 
4323318] 14.0 | 1383 
4102645] 10.0 | 4033 
4240317] 5.0 | 2040 
4240542] 5.0 | 5071 
4135747| 5.0 | 1052 
4242052) 25.0] 912 
4202904] 22.0 | 1627 
4052720] 5.0 | 1445 
4124812] 9.0 | 3781 
184007] 10.0 | 2629 
~071718| 7.0 | 1293 
044553] 53.0| 359 
~311725| 5.0 | 4458 
4045603! 29.0 | 1445 
+408 2131] 10.0 | 1329 
+09 2529] 15.4 | 2400 
4020028} 18.0 | 1950 
4095308] 39.0] 667 
4265736] 5.0 | 3400 
~204602| 39.0| 710 
+410402| 25.0] 558 
+00 2653] 14.0] 870 
070543] 5.0 | 1500 
4025517] 3.0 | 2557 
+06 2512} 6.0 | 3100 
—08 2352] 14.0] 950 
4010149} 10.6 | 3800 
—10.02'37!| ©! 6.05] 1417 
—~103756| 5.0 | 1056 
131232] 12.0 | 2251 
—25 4225] 18.0 | 4085 
~101701} 18.0 | 1119 
~304202} 80.0] 472 
+13 4357| 7.0 | 2200 
~36 5003} 50.0] 316 


Log | Mag. E Metal— 
(age) Mem.! (B-VY)) licity 
8.155 0.336 
8.612 9 | 0.334 | —0.14 
8.92 0.06 
6.48 0.45 
9.49 15 | 0.40 —0.50 
8.5 SIA EOIS2 
7.056 0.445 
8.5 8 | 0.25 
6.70 0.12 

0.00 
74 9 | 0.22 
Ses 0.05 
8.35 0.065 
8.618 15 | 0.580 | —0.460 
9.34 6 | 0.76 | —0.835 
8.540 11 | 0.302 | +0.089 
9.231 15 | 0.250 | —0.262 
7.800 12 | 0.548 
9.023 15 | 0.360 | —0.25 
7.067 0.199 
8.25 8 | 0.20 —0.160 
6.953 8 | 0.598 
7.738 12 | 0.272 
8.515 13 | 0.383 
8.896 13 | 0.085 | —0.32 
8.369 11 | 0.300 
7.727 0.030 
9.032 0.051 | —0.49 
6.896 7 | 0.463 
8.427 0.186 | +0.25 
9.70 17 | 0.60 | —0.30 
9.15 0.50 
6.954 5 | 0.051 | —0.15 
8.80 11 | 0.10 
8.4 8 | 0.01 +0.040 
8.554 8 | 0.063 | +0.13 
8.2 8 | 0.03 +0.060 
7.08 12%) 0.23 
7.846 15 | 0.761 
9:53 14 | 0.16 —0.29 
8.0 9 | 0.20 
8.65 123) 0.25 —0.31 
8.210 10 | 0.393 | —0.030 
7.104 8 | 0.118 | —0.30 
T2358 9 | 0.616 
8.126 0.307 
7.974 9 | 0.072 
7.080 0.037 
8.85 #34) O12 —0.07 
7.407 0.032 
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SELECTED OPEN CLUSTERS, J2009.5 H61 
IAU Appt. Lo = 
Designation Voy BM Dees aa Dish a Hai ae 
hh ma) 4s ° ee / c r 

C0715—155 | NGC 2360 07 18 09 | —15 39 33] 13.0 1887 8.749 —0.150| I3r 
C0716—248 | NGC 2362 07 19 05 | —24 58 22 5.0 | 1480 | 6.70 Psy it 
C0717—130 | Haffner 6 07 20 32 | —13 09 05 6.0 | 3054 | 8.826 IV 2m 
C0721—131 | NGC 2374 07 24 22} —13 1656] 12.0 | 1468 | 8.463 IV2ep 
C0722—321 | Collinder 140 | 07 24 49] —315209] 60.0] 405 | 7.548 —0.10 } TI 3m 
C0722—261 | Ruprecht 18 | 07 2502} —26 1409 7.0 | 1056 | 7.648 —0.010 
C0722—209 | NGC 2384 07 25357'=21)02 27 5.0 | 2900 | 7.08 IV 3p 
C0724—476 | Melotte 66 07 26 39| —4741 10} 14.0 | 4313 | 9.445 =01354 | TILL 
C0731—153 | NGC 2414 07 33.38 | —15 28 27 5.0 | 3455 | 6.976 13m 
C0734—205 | NGC 2421 07 36 38 | —20 38 00 6.0 | 2200 | 7.90 We ie 
C0734—143 | NGC 2422 07 37 01 | —143018] 25.0] 490 | 7.861 13m 
C0734—137 | NGC 2423 07 37 32 | —1353 36] 12.0 | 766 | 8.867 +0.143 | II 2m 
C0735—119 | Melotte 71 07 37 57| —1205 19 7.0 | 3154 | 8.371 =0:30 WEP? 5 
C0735+216 | NGC 2420 07 38 57 | +21 33 05 5.0 | 2480 | 9.3 —0.38 HEIL Se 
C0738—334 | Bochum 15 07 40 28 | —33 33 21 3.0 | 2806 | 6.742 IV 2 pn 
C0738—315 | NGC 2439 07 41 07 | —31 42 57 9.0 | 1300 | 7.00 9 | 0.37 108 SY ir 
C0739—147 | NGC 2437 07 42 12} —144958] 20.0 | 1510 | 8.4 10 | 0.10 | +0.059 |} I 2'r 
C0742—237 | NGC 2447 07 44 54 | —23 5248] 10.0 | 1037 | 8.588 9 | 0.046 Le3ir 
C0744—044 | Berkeley 39 07 47 10 | —04 37 26 7.0 | 4780 | 9.90 16) 0.12 | —0.26 WEA 3 
C0745—271 | NGC 2453 07 47 58 | —27 13 08 4.0 | 2150 | 7.187 0.446 US) gal 
C0746—261 | Ruprecht 36 | 07 48 47| —26 19 27 5.0 | 1681 | 7.606} 12 | 0.166 IV lm 
C0750—384 | NGC 2477 07 52 30} —38 33 18] 15.0 | 1300 | 8.78 12 | 0.24 | —0.13 IEPA ie 
C0752—241 | NGC 2482 07 55 36 | —241702} 10.0 | 1343 | 8.604 0.093 | +0.120| IV 1 m 
C0754—299 | NGC 2489 07 56 38 | —30 05 21 6.0 | 3957 | 7.264} 11 | 0.374 | +0.080} I2m 
C0757—607 | NGC 2516 07 58 13 | —60 4646] 30.0} 409 | 8.052 7 | 0.101 | +0.060} I3r 
C0757—284 | Ruprecht 44 | 0759 14) —28 3634] 10.0 | 4730 | 6.941] 12 | 0.619 IV2m 
C0757—106 | NGC 2506 08 00 28 | —10 4747] 12.0 | 3460 | 9.045] 11] 0.081 | —0.376| I2r 
C0803—280 | NGC 2527 08 05 21 | —28 1027] 10.0} 601 | 8.649 0.038 | —0.09 2m 
C0805—297 | NGC 2533 08 07 27 | —29 54 40 5.0 | 1700 | 8.84 0.14 INERD se 
C0809—491 | NGC 2547 08 10 26 | —49 1436] 25.0] 455 | 7.557 7 | 0.041 | —0.160} I 3m 
C0808—126 | NGC 2539 08 11 04 | —12 50 49 9.0 | 1363 | 8.570 9 | 0.082 | +0.137] I 2 m 
C0810—374 | NGC 2546 08 12 36 | —37 3726] 70.0} 919 | 7.874 7 | 0.134 | +0.120} I 2 m 
C0811—056 | NGC 2548 08 1411} —05 4645] 30.0] 770 | 8.6 8 | 0:03) »)/+-01080) |" 1 32r 
C0816—304 | NGC 2567 08 18 55 | —30 40 12 7.0 | 1677 | 8.469) 11 | 0.128 | —0.09 2m 
C0816—295 | NGC 2571 08 19 19 | —29 46 49 8.0 | 1342 | 7.488 0.137 \5E0:05 3m 
C0835—394 | Pismis 5 08 37 59'|, =39'37 01 2.0 | 869 | 7.197 0.421 
C0837—460 | NGC 2645 08 39 22 | —46 16 02 3.0 | 1668 | 7.283 9 | 0.380 I 3 ip 
C0838—459 | Waterloo 6 08 40 43 | —46 10 03 2.0 | 1578 | 7.671 0.243 Il 3 p 
C0838—528 | IC 2391 08 40 48 | —53 0403] 60.0} 175 | 7.661 4 | 0.008 | —0.09 n3 tm. 
C0837+201 | NGC 2632 08 40 57 | +193757] 70.0 | 187 | 8.863 6 | 0.009 | +0.142} Il 3 m 

Mamayjek 1 08 41 45 | —7903 41] 40.0 97 | 6.9 0.00 
C0839—461 | Pismis 8 08 41 55 | —46 18 03 3.0 | 1312 | 7.427} 10 | 0.706 Il 2p 
C0839—480 | IC 2395 08 42 48 | —48 0852} 18.6] 800 | 6.80 0.09 | +0.02 Uu3m 
C0840—469 | NGC 2660 08 42 57 | —47 14 04 3.5 | 2826 | 9.033) 13 | 0.313 | +0.04 Al 
C0843—486 | NGC 2670 08 45 48 | —48 50 06 7.0 | 1188 | 7.690} 13 | 0.430 lil 2 m 
C0843—527 | NGC 2669 08 46 39 | —525900) 20.0 | 1046 | 7.927 0.180 Il 3 m 
C0846—423 | Trumpler 10 | 08 48 15] —42 2907] 29.0 | 424 | 7.542 0.034 Il 3 m 
C0847+120 | NGC 2682 08 5149) +114550} 25.0 | 908 | 9.409 9 | 0.059 | —0.15 IE) fe 
C0914—364 | NGC 2818 09 16 24 | —36 39 54 9.0 | 1855 | 8.626 0.121 | —0.17 | TI 1m 

NGC 2866 09 22 26 | —51 08 27 2.0 | 2600 | 8.30 0.66 


H62 


IAU 
Designation 


C0922—515 
C0925—549 
C0926—567 
C0927—534 
C0939—536 


C1001--598 
C1019—514 
ClO22 575 
Cl025—573 
C1028—595 


C1033—579 
C1035—583 
C1036—538 
C1040—588 
C1041—641 


C1041—593 
C1041—597 
C1042—591 
C1043—594 
C1045—598 


C1054—589 
C1055—614 
C1057—600 


€1059=595 


C1104—584 
C1108—599 
C1108—601 
C1109—604 
C1109—600 


C1110—605 
C1110—586 
C1M2—609 
C1115—624 
CUIN7=632 


C1123—429 
C1133—613 
C1134—627 
C1141—622 
C1148—554 


C1154—623 
C1204—609 
C1221—616 
©1222-7263 
C1226—604 


C1225—598 
C1239—627 
C1250—600 
C315 =623 
C1317—646 


SELECTED OPEN CLUSTERS, J2009.5 


Ruprecht 76 
Ruprecht 77 
IC 2488 

Ruprecht 78 
Ruprecht 79 


NGC 3114 
NGC 3228 
Westerlund 2 
IC 2581 


NGC 3293 
NGC 3324 
NGC 3330 
Bochum 10 
IC 2602 


Trumpler 14 
Trumpler 15 


Trumpler 16 
Bochum 11 


Trumpler 17 
Bochum 12 
NGC 3496 
Sher | 
Pismis 17 


NGC 3532 
NGC 3572 
Hogg 10 
Trumpler 18 


NGC 3590 
Stock 13 
NGC 3603 
IC 2714 
Melotte 105 


NGC 3680 
NGC 3766 
IC 2944 
Stock 14 
NGC 3960 


Ruprecht 97 
NGC 4103 
NGC 4349 
Melotte 111 
Harvard 5 


NGC 4439 
NGC 4609 
NGC 4755 
Stock 16 
Ruprecht 107 


Collinder 223 


Collinder 228 


Collinder 240 


h m s 
09 24 32 
09 27 22 
OILS) 
09 29 29 
09 41 18 


10 02 54 
10 21 44 
10 24 23 
10 27 50 
10 32 37 


10 36 13 
10 37 42 
10 39 09 
10 42 34 
10 43 18 


10 44 18 
10 44 22 
10 45 05 
10 45 32 
10 47 37 


10 56 47 
10 57 47 
1059 59 
11 01 28 
11 01 30 


11 06 03 
11 1047 
11 11 06 
PV S2 
11 1205 


11 13 24 
11 13 30 
S382 
LAGE 2 
11 2007 


11 26 05 
11 36 41 
11 38 47 
11 44 16 
115101 


iil SZ Sh4 
12 07 10 
12 24 40 
12/25'35 
12 27 48 


12 28 59 
12 42 52 
12 54 13 
13 20 07 
13 20 25 


/ " 


5] 42 28 
—55 09 30 
—57 02 30 
—53 44 31 
—55.99"90 


—60 09 58 
—51 46 35 
—57 48 54 
sili SB) 55) 
—60 04 09 


—58 16 46 
—58 41 28 
—54 10 23 
—59 11 00 
—64 27 00 


—59 36 00 
—60 08 12 
—59 25 00 
—59 46 00 
—60 08 01 


SOY) NSN) 
—61 46 03 
—60 23 16 
—60 17 04 
—59 52 04 


—58 48 17 
—60 18 00 
—60 27 06 
—60 43 06 
—60 21 41 


—60 50 24 
—58 56 06 
—61 18 43 
—62 4707 
—63 32 08 


—43 17 44 
—Olesgo9 
—Ooi2o SZ 
—62 34 10 
—55 43 34 


—62 46 10 
—61 18 10 
Oltoore 7 
+26 02 51 
—60 49 53 


—60 09 27 
—63 02 49 
—60 24 47 
—62 40 59 
—64 59 59 


120.0 


10.0 
3.0 


2189 
2218 

990 
5875 
3504 


486 
1995 
1776 
1358 
S77) 


1651 
SW /7/ 
6900 
1238 
2208 


938 
2218 
1794 
2146 
1850 


1357 
1632 
2176 

96 
1184 


1785 
1223 
1976 
1810 
1442 


7.106 
7.61 

8.471 
6.703 
7.023 


8.492 
6.891 
6.784 
7.194 
7.160 


7.231 
7.222 
6.00 

8.542 


8.316 


9.077 
T32 
6.818 
7.058 
wa 


8.343 
1393: 
8.315 
8.652 
8.032 


7.909 
7.892 
7.216 
6.90 

7.478 


10 


10 


10 
12 


Appt. Log | Mag. Metal— 
= [om | le a em.! | E@-v) licity 


0.605 
0.24 

0.469 
1.374 
0.471 


0.037 
0.389 
0.460 
0.315 
0.310 


0.449 
0.218 
1.338 
0.341 
0.482 


0.066 
0.20 
0.320 
0.225 
0.29 


0.229 
0.294 
0.384 
0.013 
0.160 


0.348 
0.328 
0.388 
0.52 

0.458 


+0.025 


=0'112 
--0.05 


Trumpler 
Class 


SELECTED OPEN CLUSTERS, J2009.5 


IAU Appt. : Log |M 

Designation NERS =a a IOS Diam. ee eee) bean! 
h om os ° ie ip re £ 

C1324—587 | NGC 5138 13 27 53 | —59 04 57 7.0 1986 7.986 
C1326—609 | Hogg 16 13 29 56| —61 1456 6.0 | 1585 | 7.047 
C1327—606 | NGC 5168 13 31 44} —60 59 19 4.0 | 1777 | 8.001 
C1328—625 | Trumpler 21 13 32 53 | —62 50 55 5.0 | 1263 | 7.696 
C1343—626 | NGC 5281 13 47 15 | —62 57 50 7.0 | 1108 | 7.146 10 
C1350—616 | NGC 5316 13 54 38 | —61 5453 14.0 | 1215 | 8.202 11 
C1356—619 | Lynga 1 14 00 43 | —62 11 45 3.0 | 1900 | 8.00 
C1404—480 | NGC 5460 1408 04 | —48 23 18] 35.0] 678 | 8.207 9 
C1420—611 | Lynga 2 14 25 18} —61 22 24 13.0 | 900 | 7.95 
C1424—594 | NGC 5606 14 28 29 | —59 40 26 3.0 | 1805 | 7.075 
C1426—605 | NGC 5617 14 30 27 | —60 45 13 10.0 | 2000 | 7.90 10 
C1427—609 | Trumpler 22 14 31 45} —61 12 30 10.0 | 1516 | 7.950 12 
C1431—563 | NGC 5662 14 36 18} —56 39 34] 29.0 666 | 7.968 10 
C1440+697 | Collinder 285 | 14 41 13] +69 31 35 |1400.0 25 | 8.30 2 
C1445—543 | NGC 5749 14 49 34} —54 32 15 10.0 | 1031 | 7.728 
C1501—541 | NGC 5822 15 05 03 | —54 2600] 35.0 917 | 8.821 10 
C1502—554 | NGC 5823 15 06 13 | —55 38 23 12.0 | 1192 | 8.900 13 
C1511—588 | Pismis 20 15 16.08 | —59 06 05 4.0 | 2018 | 6.864 
C1559—603 | NGC 6025 16 04 06 | —60 27 27 14.0 756 | 7.889 7 
C1601—517 | Lynga 6 16 05 35 | —51 57 31 5.0 | 1600 | 7.430 
C1603—539 | NGC 6031 16 08 20 | —54 02 23 3.0 | 1823 | 8.069 
C1609—540 | NGC 6067 16 13 56] —54 14 31 14.0 | 1417 | 8.076 10 
C1614—577 | NGC 6087 16 19 38 | —57 57 27 14.0 891 | 7.976 8 
C1622—405 | NGC 6124 16 2559} —40 4028} 39.0} 512 | 8.147 9 
C1623—261 | Collinder 302 | 16 26 43} —26 1616] 500.0 
C1624—490 | NGC 6134 16 28 29 | —49 10 20 6.0 913 | 8.968 11 
C1632—455 | NGC 6178 16 36 28 | —45 39 44 5.0 | 1014 | 7.248 
C1637—486 | NGC 6193 16 42 03 | —48 46 52 14.0 | 1155 | 6.775 
C1642—469 | NGC 6204 16 46 51 | —47 02 00 5.0 | 1200 |} 7.90 
C1645—537 | NGC 6208 16 50 14} —53 44 39 18.0 939 | 9.069 
C1650—417 | NGC 6231 16 54 50} —41 50 24 14.0 | 1243 | 6.843 6 
C1652—394 | NGC 6242 16 56 12 | —39 28 35 9.0 | 1131 | 7.608 
C1653—405 | Trumpler 24 16 57 40} —40 40 51 60.0 | 1138 | 6.919 
C1654—447 | NGC 6249 16 58 22 | —44 49 33 5.0 981 | 7.386 
C1654—457 | NGC 6250 16 58 38 | —45 57 03 10.0 | 865 | 7.415 
C1657—446 | NGC 6259 17 01 26 | —44 40 06 14.0 | 1031 | 8.336 11 
C1714—355 | Bochum 13 17 18 02 | —35 33 35 14.0 | 1077 | 6.823 
C1714—429 | NGC 6322 17 19 06 | —42 56 34 5.0 996 | 7.058 
C1720—499 | IC 4651 17 25 33 | —49 56 29 10.0 | 888 | 9.057 10 
C1731—325 | NGC 6383 17 35 25 | —32 34 21 20.0 985 | 6.962 
C1732—334 | Trumpler 27 17 36 58 | —33 31 19 6.0 | 1211 | 7.063 
C1733—324 | Trumpler 28 17 37 37 | —32 29 19 5.0. | 1343") 7.290 
C1734—362 | Ruprecht 127 | 17 38 29} —36 18 18 5.0 | 1466 | 7.351 1] 
C1736—321 | NGC 6405 17 40.57 | —32)15 28 | 20:0) 487%) 7.974 7 
C1741—323 | NGC 6416 17 44 56| —32 21 55 14.0 741 | 8.087 
C1743+057 | IC 4665 17 46 46} +05 4249] 70.0] 352 | 7.634 6 
C1747—302 | NGC 6451 17 51 18} —30 12 43 7.0 | 2080 | 8.134 12 
C1750—348 | NGC 6475 17 54 29 | —34 47 41 80.0 | 301 | 8.475 7 
C1753—190 | NGC 6494 17 57 38 | —185908]| 29.0 628 | 8.477 10 
C1758—237 | Bochum 14 18 02 35 | —23 40 58 2.0 578 | 6.996 


0.411 
0.431 
0.197 
0.225 


0.267 
0.45 
0.092 
0.22 
0.474 


0.48 
0.521 
0.311 
0.00 
0.376 


0.150 
0.090 
E79 
0.159 
1.250 


0.371 
0.380 
0.175 
0.750 


0.395 
0219 
0.475 
0.46 

0.210 


0.439 
0.377 
0.418 
0.443 
0.350 


0.498 
0.854 
0.590 
0.116 
0.298 


1.194 
0.733 
0.990 
0.144 
0.251 


0.174 
0.672 
0.103 
0.356 
1.508 


Metal— 
licity 


S002 


—0.028 


+0.19 


+0.138 
—0.01 


+0.182 


—0.03 


+0.020 


+0.095 


+0.06 


—0.34 
+0.03 
+0.090 
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H64 SELECTED OPEN CLUSTERS, J2009.5 
1 

IAU Appt. ; Log | Mag. Metal— | Trumpler 

Designation Najoe Dies: Diam pee Gre) Men eV ticity Class 
hemin's ony ale y Ic Yr 

C1800—279 | NGC 6520 18 04 00 | —27 53 15 Pe. 1900 8.18 9 | 0.42 le 2ern 
C1801—225 | NGC 6531 18 04 47} —22 2920} 14.0 | 1205 | 7.070 8 | 0.281 bese 
C1801—243 | NGC 6530 18 05 06 | —24 2126} 14.0 | 1330 | 6.867 © 10338 
C1804—233 | NGC 6546 18 0757} —23 1742] 14.0 | 938 | 7.849 0.491 oes 
C1815—122 | NGC 6604 18 18 35} —12 1415 5.0 | 1696 | 6.810 0.970 I 3 mn 
C1816—138 | NGC 6611 18 19 20} —13 48 08 6.0 | 1800 | 6.11 11 | 0.80 
C1817—171 | NGC 6613 18 20 31 | —17 05 49 5.0 | 1296 | 7.223 0.450 Il 3 pn 
C1825+065 | NGC 6633 18 27 43 | +06 3053} 20.0} 376 | 8.629 8 | 0.182 | +0.000 | HI 2 m 
C1828—192 | IC 4725 18 32 21 | —1906 33} 29.0 | 620 | 7.965 8 | 0.476 | +0.17 13m 
C1830—104 | NGC 6649 18 33 59 | —10 23 44 5.0 | 1369 | 7.566) 13 } 1.201 13m 
C1834—082 | NGC 6664 18 3708 | —0748 18} 12.0 | 1164 | 7.162 9 | 0.709 Il 2m 
C1836+054 | IC 4756 18 39 28] +05 2732; 39.0} 484 | 8.699 8 | 0.192 | —0.060) II 3 r 
C1840—041 | Trumpler 35 18 43 24 | —04 07 24 5.0 | 1206 | 7.862 1.218 122m 
C1842—094 | NGC 6694 18 45 49 | —09 22 22 7.0 | 1600 | 7.931 11 | 0.589 Il3m 
C1848—052 | NGC 6704 18 51 15 | —05 11 36 5.0 | 2974 | 7.863] 12 | 0.717 12m 
C1848—063 | NGC 6705 18 51 36] —06 1530] 32.0 | 1877 | 8.4 11 | 0.428 | +0.136 
C1850—204 | Collinder 394 | 185250} —20 1129] 22.0] 690 | 7.803 0.235 
C1851+368 | Stephenson 1 | 185350) +3655 44] 20.0] 390 | 7.731 0.040 IV 3p 
C1851—199 | NGC 6716 18:55:08 | —1953 21} 10.0} 789) 7.961 0.220 | —0.31 | IV 1p 
C1905+041 | NGC 6755 1908 17] +041656} 14.0 | 1421 | 7.719) 11 | 0.826 De 2ix 
C1906+046 | NGC 6756 19 09 10 | +04 43 14 4.0 | 1507 | 7.79 1S! | TELS I1m 
C1919+377 | NGC 6791 19 21 13} +3747 24} 10.0 | 5853 | 9.643] 15 |} 0.117 | +0.11 ViQhe 
C1936+464 | NGC 6811 19 37 34] +46 2436} 14.0 | 1215 | 8.799] 11 | 0.160 ll lr 
C1939+400 | NGC 6819 19 41 38 | +40 12 34 5.0 | 2360 | 9.174] 11 | 0.238 | +0.074 
C1941+231 | NGC 6823 19 43 33 | +23 19 23 6.0 | 3176 | 6.5 0.854 I 3 mn 
C1948+229 | NGC 6830 19 51 23} +23 07 29 SONGS OP 7ST PS LO! | O}S Od He2sp 
C1950+292 | NGC 6834 19 52 35 | +29 26 00 5.0 | 2067 | 7.883] 11 | 0.708 Il 2m 
C1950+182 | Harvard 20 19 53 32 | +18 21 30 7.0 | 1540 | 7.476 0.247 IV 2p 
C2002+438 | NGC 6866 20 04 14] +441108; 14.0 | 1450 | 8.576] 10 | 0.169 We 2er 
C2002+290 | Roslund 4 20 05 17 | +29 14 39 5.0 ; 2000 | 6.6 0.91 II 3 mn 
C2004+356 | NGC 6871 20 06 20 | +3548 16] 29.0 | 1574 | 6.958 0.443 II 2 pn 
C2007+353 | Biurakan 2 20 09 34 | +35 3042] 20.0 | 1106 | 7.011 16 | 0.360 Ill 2 p 
C2008+410 | IC 1311 20 10 38 | +41 14 43 5.0 | 5333 | 8.625 0.760 De 
C2009+263 | NGC 6885 20 12 25 | +263026] 20.0} 597 | 9.16 6 | 0.08 Il 2m 
C2014+374 | IC 4996 20 1651 | +37 39 47 6.0 | 1732 | 6.948 8 | 0.673 II 3 pn 
C2018+385 | Berkeley 86 20 20 45 | +38 43 50 6.0 | 1112 | 7.116] 13 | 0.898 IV 2 mn 
C2019+372 | Berkeley 87 20'22,03))\. 4-37/23 50 |) 10:0) |" 633°) 7.152) 13. 1.369 Il 2m 
C2021+406 | NGC 6910 20 23 32 | +4048 33} 10.0 | 1139 | 7.127 0.971 I 3 mn 
C2022+383 | NGC 6913 20 24 18 | +3832 22] 10.0 | 1148 | 7.111 9 | 0.744 II 3 mn 
C2030+604 | NGC 6939 20 31 41 | +6041 39} 10.0 | 1800 | 9.20 0.33 | +0.026] Tir 
C2032+281 | NGC 6940 20 3450} +28 1859} 25.0) 770] 8.858} 11] 0.214] +0.013] II 2r 
C2054+444 | NGC 6996 20 56 50} +444013} 14.0 | 760 | 8.54 0.52 I 2m 
C2109+454 | NGC 7039 211108] +453921} 14.0} 951 | 7.820 0.131 IV 2m 
C2121+461 | NGC 7062 21 23 48 | +46 25 10 5.0 | 1480 | 8.465 0.452 Il2m 
C2122+478 | NGC 7067 21 24 43 | +48 03 04 6.0 | 3600 | 8.00 0.75 I lp 
C2122+362 | NGC 7063 21 24 44 | +36 31 40 9.0 | 689 | 7.977 0.091 Ill 1 p 
C2127+468 | NGC 7082 21 29 38 | +471007] 25.0 | 1442 | 8.233 0.237 | —0.01 
C2130+482 | NGC 7092 21 32 09 | +48 2832] 29.0 | 326 | 8.445 7 | 0.013 I 2m 
C2137+572 | Trumpler 37 | 21 39 24/| +57 32 36] 89.0 | 835 | 7.054 0.470 IV 3m 
C2144+655 | NGC 7142 2145 23 | +65 4908} 12.0 | 1686 | 9.276| 11 | 0.397 | +0.040] I2r 


SELECTED OPEN CLUSTERS, J2009.5 


H65 


IAU Appt. ‘ Log | Mag. Trumpler 

Designation ee — pee He pet ahs aa Ew-v) licity Class 
him" 's om Le wy , Ic ie 

C2151+470 | IC 5146 2153 46] +47 1842} 20.0 852 8.023 0.593 
C2152+623 | NGC 7160 2153 56] +62 38 54 5.0 | 789 | 7.278 0.375 
C2203+462 | NGC 7209 22 05 30 | +46 3147} 14.0 | 1168 | 8.617 9 | 0.168 | —0.12 
C2208+551 | NGC 7226 22 10 47 | +55 26 43 2.0 | 2616 | 8.436 0.536 2 Pinn 
C2210+570 | NGC 7235 22 12 45 | +57 19 02 5.0 | 3330 | 6.90 0.90 3m 
C2213+496 | NGC 7243 22 1531} +495645]| 29.0] 808 | 8.058 8 | 0.220 Il 2m 
C2213+540 | NGC 7245 22 15 32 | +54 23 27 5.0 | 2106 | 8.246 0.473 2m 
C2218+578 | NGC 7261 22 20 32 | +58 10 11 5.0 | 1681 | 7.670 0.969 3m 
C2227+551 | Berkeley 96 22 29 46 | +55 26 56 2.0 | 3087 | 6.822] 13 | 0.630 I2p 
C2245+578 | NGC 7380 22 47 44] +58 1055} 20.0 | 2222 | 7.077 10 | 0.602 Ill 2 mn 
C2306+602 | King 19 23 08 42 | +60 34 06 5.0 | 1967 | 8.557} 12 | 0.547 Ill 2 p 
C2309+603 | NGC 7510 23 11 27| +60 37 18 6.0 | 3480 | 7.35 10 | 0.90 3m 
C2313+602 | Markarian 50 | 23 15 43 | +60 31 07 2.0 | 2114 | 7.095 0.810 I 1 pn 
C2322+613 | NGC 7654 23 25 14] +61 3844] 15.0 | 1400 | 8.2 Lhe) O57, NDP Fe 
C2345+683 | King 11 23 48 16} +68 41 10 5.0 | 2892 | 9.048 17 | 1.270 | —0.27 2m 
C2350+616 | King 12 23 53 29 | +62 01 10 3.0 | 2378 | 7.037 10 | 0.590 isp 
C2354+611 | NGC 7788 23 57 14| +61 27 04 4.0 | 2374 | 7.593 0.283 I2p 
C2354+564 | NGC 7789 23 5753 | +5645 40) 25.0 | 2337 | 9.235 10 | 0.217 | —0.24 2 
C2355+609 | NGC 7790 23 58 53] +61 15 40 5.0 | 2944 | 7.749 10 | 0.531 2m 


1 


C0001—302 
C0129+604 
C0215+569 
C0218+568 
C0238+425 
C0344-++-239 
C0525+358 
C0532+341 
C0549+325 
C0605+243 
C0629+049 
C0638+099 
C0644—206 
C0700—082 
C0716—248 
C0734—143 
C0739—147 
C0742—237 
C0811—056 


Notes to Table 


The Mag. Mem. column gives the visual magnitude of the brightest cluster member. 


Alternate Names for Some Clusters 


¢ Scl Cluster 
M103 

h Per 

x Per 

M34 

M45 

M38 

M36 

M37 

M35 

Rosette Cluster 
S Mon Cluster 
M41 

M50 

t CMa Cluster 
M47 

M46 

M93 

M48 


C0837+201 
C0838—528 
C0847+ 120 
C1041—641 
C1043—594 
C1239—627) 
C1250—600 
C1736—321 
C1750—348 
Ciij53— 190 
C1801—225 
C1816—138 
C1817-171 
C1828—192 
C1842—094 
C1848—063 
C2022+383 
C2130+482 
C€2322--613 


M44 

o Vel Cluster 
M67 

6 Car Cluster 

n Car Cluster 
Coal-Sack Cluster 
Jewel Box Cluster 
M6 

M7 

M23 

M21 

M16 

M18 

M25 

M26 

M11 

M29 

M39 

M52 
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Name RA Dec 
iYeaele 85 oe 
NGC 104 00 24 30.3 | —72 01 42 
NGC 288 00 53 15.3 | —26 32 19 
NGC 362 01 03 33.5 | —70 47 S51 
NGC 1261 03 12 30.9 | —55 10 54 
Pal 1 03 34 47.8 | +79 36 43 
AM 1 03 55 19.2 | —49 35 13 
Eridanus 04 25 09.2 | —21 09 56 
Pal 2 04 46 42.5 | +31 23 51 
NGC 1851 05 14 25.1 | —40 02 12 
NGC 1904 05 24 34.1 | —24 3058 
NGC 2298 06 49 19.4 | —36 01 00 
NGC 2419 07 38 47.0 | +38 51 36 
Pyxis 09 08 20.4 | —37 15 36 
NGC 2808 09 12 13.7 | —64 54 09 
E3 09 20 52.5 | —77 19 23 
Pal 3 10 06 00.6 | +00 01 30 
NGC 3201 10 18 00.3 | —46 27 32 
Pal 4 11 29 46.9 | +2855 16 
NGC 4147 12 10 35.2 | +18 29 21 
NGC 4372 12 26 19.2 | —72 42 42 
Rup 106 12 39 12.1 | —51 12 09 
NGC 4590 12 39 58.3 | —26 47 42 
NGC 4833 13 00 13.7 | —70 55 33 
NGC 5024 13 13 23.2 | +18 07 08 
NGC 5053 13 16 54.9 | +17 38 53 
NGC 5139 13 27 20.2 | —47 31 34 
NGC 5272 13 42 37.5 | +28 19 40 
NGC 5286 13 47 02.9 | —51 25 14 
AM 4 13 56 22.5 | —27 13 08 
NGC 5466 14 05 52.9 | +28 29 22 
NGC 5634 14 30 07.3 | —06 01 06 
NGC 5694 14 40 09.8 | —26 34 44 
IC 4499 15 01 53.8.| —82 15 03 
NGC 5824 15 04 33.7 | —33 06 16 
Pal 5 15 16 34.5 | —00 08 46 
NGC 5897 15 1757.4 | —21 02 41 
NGC 5904 15 19 02.7 | +02 02 55 
NGC 5927 15 28 41.9 | —50 42 19 
NGC 5946 15 36 10.2 | —50 41 26 
BH 176 15 39 48.9 | —50 04 52 
NGC 5986 15 46 40.9 | —37 48 55 
Pal 14 16 1131.1 | +14 56 02 
Lynga 7 16 11 48.5 | —55 20 19 
NGC 6093 16 17 36.6 | —22 59 52 
NGC 6121 16 24 10.5 | —26 32 49 
NGC 6101 16 26 54.1 | —72 13 22 
NGC 6144 16 27 49.0 | —26 02 44 
NGC 6139 16 28 19.0 | —38 52 10 
Terzan 3 16 29 17.6 | —35 22 27 
NGC 6171 16 33 03.8 | —13 04 24 


14.26 
6.75 
14.20 
10.32 
7.24 


10.90 
7.84 
6.91 
7.61 
9.47 


3.68 
6.19 
7.34 
15.90 
9.04 


9.47 
10.17 
9.76 
9.09 
WETS) 


8.53 
5.65 
8.01 
9.61 
14.00 


Whey? 
14.74 


1333 
5.63 


9.16 
9.01 
8.99 
12.00 
M3 


0.96 


0.59 
1.10 


0.63 
0.93 
0.64 
0.65 


0.78 
0.69 
0.88 


0.67 


0.67 
0.69 
0.91 
0.75 


0.74 
OFZ 
3 
1.29 


0.90 


0.84 
1.03 


0.68 
0.96 
1.40 


1.10 


0.03 
0.05 
0.01 
0.15 


0.00 
0.02 
1.24 
0.02 
0.01 


0.14 
0.11 
0.21 
0.22 
0.30 


0.04 
0.23 
0.01 
0.02 
0.39 


0.20 
0.05 
0.32 
0.02 
0.04 


0.12 
0.01 
0.24 
0.04 
0.00 


0.05 
0.09 
0.23 
0.13 
0.03 


0.09 
0.03 
0.45 
0.54 
0.77 


0.28 
0.04 
0.73 
0.18 
0.36 


0.05 
0.36 
0.75 
0.72 
0.33 


(m—M)y 


13/37 
14.83 
14.81 


16.10 
15.65 


20.43 
19.84 
21.05 
15.47 
15.59 


SES9 
Oy 
18.65 
15.59 
14.12 


19.96 
14.21 
20.22 
16.48 
15.01 


17.25 
15,19 
15.07 
16.31 
16.19 


13.97 
S212 
15295 
17.50 
16.00 


7.10 
17.98 
17.09 
17.93 
16.92 


15.74 
14.46 
15.81 
16.81 
18.35 


15.96 
19.47 
16.54 


15.56 
12.83 


16.07 
15.76 
135: 
16.61 
15.06 


—0.76 
—1.24 
—1.16 
= 135 
—0.60 


—1.80 
—1.46 
112358) 
eplee2 
—1.57 


—1.85 
= 212 
1:30 
Slats) 
—0.80 


—1.66 
= leeks 
—1.48 
lees 
—2.09 


—1.67 
—2.06 
—1.80 
— 1899 
—2.29 


=l.62 
lou 
Koy) 
—2.00 


ph 


—1.88 
—1.86 
—1.60 
—1'.85 
—1.41 


—1.80 
ilo] 
—0.37 
—1.38 


Nets: 
Sey? 
—0.62 
SSIS) 
=1:20 


1.82 
MS 
08 
Oy 
—1.04 


ail 
— 18.7 
— 46.6 
+223.5 
+ 68.2 
— 82.8 


+116.0 
— 23.6 
= 13320 
+320.5 
+206.0 


+148.9 
= 20:0 
+ 34.3 
a tO 


+ 83.4 
+494.0 
+ 74.5 
+183.2 
ai TPA. 


— 44.0 
= 945 
+200.2 
= 791 
+ 44.0 


+232.3 
—147.6 
+ 57.4 


+107.7 


i 45s1 
—144.1 


=i 
= PS8t7 


+101.5 
ALS 
—107.5 
+128.4 


aoe tho) 
+ 76.6 
= mL 
=e pe8t2 
+ 70.4 


+361.4 
+188.9 
a On 
= 36:3 
— 33:6 


selene ae 


0.40 
1.42 
0.19 
0.39 
0.22 


0.15 
0.25, 
0.24 
0.06 
0.16 


0.34 
0.35 
1.38 
0.26 
1.87 


0.48 
1.43 
0.55 
0.10 
iS 


1.00 
0.69 
1.00 
0.36 
1.98 


1.40 
0.55 
0.29 
0.42 
1.64 


0.21 
0.06 
0.96 
0.05 
3.25 


1.96 
0.42 
0.42 
0.08 


0.63 
0.94 


0.15 
0.83 
1.15 
0.94 
0.14 
1.18 
0,54 


Alternate 
Name 


47 Tuc 


Lal! 


M 68 


M 53 


@ Cen 
M3 


M5 


AvdB 


M 80 
M4 


M 107 


Name 


1636—283 
NGC 6205 
NGC 6229 
NGC 6218 
NGC 6235 


NGC 6254 
NGC 6256 
Pal 15 

NGC 6266 
NGC 6273 


NGC 6284 
NGC 6287 
NGC 6293 
NGC 6304 
NGC 6316 


NGC 6341 
NGC 6325 
NGC 6333 
NGC 6342 
NGC 6356 


NGC 6355 
NGC 6352 
I@ 125i 
Terzan 2 
NGC 6366 


Terzan 4 
inde th 

NGC 6362 
Liller 1 
NGC 6380 


Terzan | 
Ton 2 
NGC 6388 
NGC 6402 
NGC 6401 


NGC 6397 
Pal 6 
NGC 6426 
Djorg 1 
Terzan 5 


NGC 6440 
NGC 6441 
Terzan 6 
NGC 6453 
UKS 1 


NGC 6496 
Terzan 9 
NGC 6517 
Djorg 2 
Terzan10 


s 


h m 
16 40 01.2 
16 42 01.9 
16 47 14.9 
16 47 44.1 
16 53 59.6 


16 57 39.0 
17 00 11.1 
17 00 31.7 
17 01 49.1 
17 03 13.1 


17 05 03.7 
17 05 43.8 
17 10 45.6 
17 15 08.3 
MAS 2 


17 17 24.8 
7 MESI38:9 
17 19 45.2 
17 21 43.9 
17 24 08.2 


17 24 34.0 
17 26 12.6 
EATS) 3) 
17 28 09.8 
17 28 14.6 


17 31 16.0 
17 31 41.7 
17982353;8 
17 34 02.0 
17 35 07.5 


17 36 23.8 
17 36 49.8 
17 36 58.7 
17 38 06.0 
17 39 11.4 


17 41 27.7 
17 44 17.6 
17 45 23.2 
17 48 05.8 
17 48 40.0 


17 49 26.6 
SOIT 
WS 1G28 3 
7 SPAS) 
17 55 02.1 


17 59 43.6 
18 02 14.4 
18 02 21.8 
18 02 25.0 
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TIT Alternate 
Dec V, B-V |\E(g_y)(m—M),| [Fe/H] Ur c Te 
| Name 
Pee km/s 

—28 2457 | 12.00 0.49 | 15.97 | —1.50 ‘ ESO452—SC11 
1302633 | 15278711068. |) 0.02 P1448) = 1954) = 24516101.511 0.78 | M 13 
+47 3040] 9.39] 0.70 | 0.01} 17.44 | —1.43 | —154.2] 1.61 0.13 
SOLS ASS) NOLO) O83 | O19ONS dA O2R 1485) == 49'0-=4230 0.72 | M 12 
=221132) 9197.) 1:05%9|0:36' | 16.41 —1.40 | + 87.3 | 1.33 0.36 
—04 0649} 6.60} 0.90 | 0.28} 14.08 | —1.52] + 75.8} 1.40 0.86 | M 10 
—37 08 06 | 11.29 | 1.69 | 1.03} 17.81 | —0.70] —101.4} 2.50c | 0.02 
—00 33 20 | 14.00 0.40} 19.49 | —1.90 | + 68.9 | 0.60 1.25 
—30 0737] 6.45} 1.19 | 0.47] 15.64 | —1.29| — 70.0] 1.70c: | 0.18} M 62 
—261652| 6.77} 1.03 | 0.41] 15.95 | —1.68 | +135.0 | 1.53 0.43 | M19 
—24 4638] 8.83] 0.99 | 0.28] 16.80 | —1.32] + 27.6 | 2.50c | 0.07 
—22 4314] 9.35 | 1.20 | 0.60} 16.71 | —2.05 | —288.7 | 1.60 0.26 
—26 35 36| 8.22] 0.96 | 0.41] 15.99 | —1.92 | —146.2 | 2.50c | 0.05 
—29 28 21 8.22 | 1.31 | 0.53] 15.54 | —0.59 | —107.3 | 1.80 0.21 
—28 0900] 8.43} 1.39 | 0.51] 16.78 | —0.55| + 71.5] 1.55 0.17 
+43 0736] 6.44} 0.63 | 0.02] 14.64 | —2.28) —120.3 |} 1.81 0.23 | M 92 
—23 46 31 | 10.33 | 1.66 | 0.89} 17.28 | —1.17] + 29.8 | 2.50c | 0.03 
—18 3132] 7.72) 0.97 | 0.38} 15.66 | —1.75 | +229.1] 1.15 0.58 | M9 
—1935 46] 9.66} 1.26 | 0.46} 16.10 | —0.65 | +116.2 | 2.50c | 0.05 
—174917} 8.25} 1.13 | 0.28} 16.77 | —0.50} + 27.0] 1.54 0.23 
—262143} 9.14] 1.48 | 0.75} 17.22 | —1.50} —176.9 | 2.50c | 0.05 
—48 2550] 7.96) 1.06 | 0.21} 14.44 | —0.70} —120.9 | 1.10 0.83 
—07 06 02 | 13.10} 1.38 | 0.73 | 19.25 | —1.70} —140.2 
—30 48 35 | 14.29 1.57] 19.56 | —0.40 | +109.0 | 2.50c | 0.03 | HP 3 
—050503} 9.20} 1.44 | 0.71 | 14.97 | —0.82 | —122.3 | 0.92 1.83 
—31 3608 | 16.00 2.35 | 22.09 | —1.60} — 50.0 HP 4 
—29 59 18} 11.59 0.74} 18.03 | —1.55} + 53.1 | 2.50c | 0.03 | BH 229 
—6703 16] 7.73} 0.85 | 0.09} 14.67 | —0.95} — 13.1] 1.10 1.32 
—33 23 42 | 16.77 3.06] 24.40 | +0.22] + 52.0} 2.30c: | 0.06 
—39 04 30 | 11.31} 2.01 | 1.17} 18.77 | —0.50} — 3.6] 1.55c: | 0.34] Ton 1 
—30 29 14} 15.90 2.28 | 20.80 | —1.30} +114.0} 2.50c | 0.04} HP 2 
—38 33 31 | 12.24 1.24) 18.38 | —0.50 | —184.4} 1.30 0.54 | Pismis 26 
—444425] 6.72} 1.17 | 0.37] 16.14 | —0.60} + 81.2] 1.70 0.12 
—03 1503] 7.59] 1.25 | 0.60] 16.71 | —1.39| — 66.1} 1.60 0.83 | M 14 
—23 5452] 9.45] 1.58 | 0.72} 17.35 | —0.98 | — 65.0} 1.69 0.25 
—53 4041] 5.73} 0.73 | 0.18] 12.36 | —1.95] + 18.9] 2.50c | 0.05 
—26 13 34] 11.55 | 2.83 | 1.46] 18.36 | —1.09} +182.5 | 1.10 0.66 
+03 10:01} 11.01 | 1.02 | 0.36) 17.70 | —2.26 | —162.0) 1.70 0.26 
—33 0406 | 13.60 1.44] 19.86 | —2.00 | —362.4 | 1.50 0.32 
= JAAGS 5) 18785 2.778 |P2. lore 2.72 0.00 | — 94.0 | 1.87 0.18] Terzan 11 
—20 2146] 9.20} 1.97 } 1.07} 17.95 | —0.34]} — 78.7] 1.70 0.13 
—370313| 7.15 | 1.27 | 0.47} 16.79 | —0.53 | + 16.4] 1.85 0.11 
—31 1638} 13.85 2.14} 21.52 | —0.50} +126.0} 2.50c | 0.05 | HP 5 
—34 36 04 | 10.08 | 1.31 | 0.66} 16.96 | —1.53 | — 83.7] 2.50c | 0.07 
—24 08 47 | 17.29 3.09 | 24.17 | —0.50 ANNO ROMS: 
—441555] 8.54] 0.98 | 0.15 | 15.77 | —0.64 | —112.7 | 0.70 1.05 
—26 5021 | 16.00 1.87} 19.85 | —2.00} + 59.0} 2.50c | 0.03 
—08 57 30] 10:23 | 1.75 | 1.08} 18.51 | —1.37 | — 39.6} 1.82 0.06 
—27 4931] 9.90 0.89 | 16.88 | —0.50 1.50 0.33 | ESO456—SC38 
—26 03 57 | 14.90 2.40 | 21.20 | —0.70 


18 03 32.8 


H68 SELECTED GLOBULAR CLUSTERS, J2009.5 


Name RA Dec. V, B-V |E(p-y)(m—M)y 


bh ‘my +s eh wile km/s 
NGC 6522 18 04 10.6 | —300159] 8.27] 1.21 | 048] 15.94 | —1.44| — 21.1] 2.50c 
NGC 6535 18 04 20.0 | —00 17 46 | 10.47 | 0.94 | 0.34] 15.22 | —1.80] —215.1] 1.30 | 0.42 


NGC 6539 18 05 20.7 | —07 3505] 9.33} 1.83 | 0.97] 17.63 | —0.66} — 45.6} 1.60 | 0.54 
NGC 6528 18 05 26.2 | —3003 17] 9.60} 1.53 | 0.54] 16.16 | —0.04 | +206.2 | 2.29 | 0.09 
NGC 6540 18 06 44.5 | —274550] 9.30 0.60} 14.68 | —1.20} — 17.7} 2.50c | 0.03 | Djorg 3 


NGC 6544 18 0755.7 | —245945| 7.77] 1.46 | 0.73 | 14.43 | —1.56] — 27.3] 1.63c: | 0.05 
NGC 6541 18 08 43.4 | —43 2953] 6.30] 0.76 | 0.14} 14.67 | —1.83 | —158.7 | 2.00c: | 0.30 


Alternate 
Name 


2MS—GCO1 | 18 08 55.6 | —19 49 40 6.80 | 33.88 | —1.20 2MASS—GCO1 
ESO—SC06 | 18 09 48.5 | —46 25 15 0.07 | 16.90 | —2.00 ESO280—SC06 
NGC 6553 18 09 53.0 | —255423) 8.06] 1.73 | 0.63} 15.83 | —0.21} — 65) 1.17 | 0.55 

2MS—GCO02 | 18 10 10.5 | —20 46 36 5.56 | 30.25 2MASS—GC02 
NGC 6558 18 1054.7 | —3145 41] 9.26] 1.11 | 0.44) 15.72 | —1.44] —197.2 | 2.50c | 0.03 

IC 1276 1821 15.0) —07 12:18 | 10:34) 1.767)" 1.084" 17.01 |’ —0.73 | +155.7") 1.29 1.08 | Pal 7 

Terzan12 18 12 50.3 | —22 44 21 | 15.63 ZDOGWE 19. TT O50) || He 94 AN O57 80:85 


NGC 6569 18 1415.9) —31 4925) 8.55 | 1.34 | 0.55 | 16.85 | —0.86) — 28.1] 1.27 | 0.37 


NGC 6584 18) 19723:215 SQ 1238"! 0 8.27) 0:7 Om ROMOM MS. 95 | —1249) || 222 Ore 20 250.59 
NGC 6624 18 2417.1 | —302120] 7.87] 1.11 | 0.28] 15.36 | —0.44) + 53.9] 2.50c | 0.06 
NGC 6626 18 25 08.0 | —245151] 6.79] 1.08 | 0.40} 14.97 | —1.45} + 17.0} 1.67 | 0.24 | M28 
NGC 6638 ESS 1S US) /h—251292254| 91029) SO 406 Isat —Ol99 | ee Shiels OR TROLZG 
NGC 6637 18 32 00.4 | —32 2027 | 7.64] 1.01 | 0.16} 15.28 | —0.70| + 39.9] 1.39 | 0.34} M69 


NGC 6642 13532728, She 23928104") PONSe UUM Osi AES SORE ISS: || = ei.o20) 5 te SOR Oto 
NGC 6652 18.36'23.0 | —325855 | | 8.62) 0.94 |0.09") 15.30 | —0.96 | —111.7})1.80°.|' 0:07 
NGC 6656 i8 36 59.0 | —2353 42] 5.10) 0.98 | 0.34] 13.60 | —1.64} —148.9} 1.31 1.42 | M22 
Pal 8 18 42 03.6 | —194858 | 11.02 | 1.22 | 0.32] 16.54 | —0.48| — 43.0] 1.53 | 0.40 
NGC 6681 18 43 49.8 | —32 1655 | 7.87 | 0.72 | 0.07} 14.98 | —1.51 | +220.3 | 2.50c | 0.03 | M70 


NGC 6712 18 53 35.4 | —08 4138) 8.10] 1.17 | 0.45} 15.60 | —1.01) —107.5| 0.90 | 0.94 
NGC 6715 18 55 39.8 | —30 2756] 7.60) 0.85 | 0.15} 17.61 | —1.58 | +141.9} 1.84 | 0.11 | M54 
NGC 6717 1855 40.6 | —224117] 9.28) 1.00 | 0.22) 14.94 | —1.29| + 22.8] 2.07c: | 0.08 | Pal 9 
NGC 6723 1900 11.5 | —363705 | 7.01 | 0.75 | 0.05} 14.85 | —1.12) — 94.5] 1.05 0.94 
NGC 6749 19 05 44.1 | +01 5457 | 12.44 | 2.14 | 1.50] 19.14 | —1.60] — 61.7] 0.83 0.77 


NGC 6760 19 1141.1 | +010248) 8.88) 1.66 | 0.77| 16.74 | —0.52] — 27.5] 1.59 | 0.33 
NGC 6752 19 11 42.1 | —595807) 5.40 | 0.66 | 0.04} 13.13 | —1.56] — 27.9] 2.50c | 0.17 
NGC 6779 19 1657.7 | +301208) 8.27 | 0.86 | 0.20} 15.65 | —1.94 | —135.7]| 1.37. | 0.37] M56 


Terzan 7 19 18 21.2 | —34 38 23 | 12.00 0.07 | 17.05 | —0.58 | +166.0} 1.08 0.61 
Pal 10 LO TSI27- Sah 1835122") 18°22 L664" COOL — OO ||| —S SIRE OS8e Ost 
Arp 2 19 29 20.2 | —30 20 02 | 12.30 | 0.86 | 0.10} 17.59 | —1.76} +115.0} 0.90 W359 
NGC 6809 19 40 35.5 | —3056 23 | 6.32] 0.72 | 0.08} 13.87 | —1.81] +174.8] 0.76 | 2.83 | M55 
Terzan 8 19 42 21.9 | —33 58 39 | 12.40 0.12} 17.45 | —2.00]) +130.0} 0.60 1.00 
Pal 11 19 45 45.2 | —075901]| 9.80) 1.27 | 0.35 | 16.66 | —0.39| — 68.0] 0.69 | 2.00 


NGC 6838 1954 11.5 | +18 4813} 8.19 | 1.09 | 0.25} 13.79 | —0.73] — 22.8) 1.15 | 0.63} M71 


NGC 6864 | 20 06 38.4 | —215337| 8.52 | 0.87 | 0.16] 17.07 | —1.16] —189.3] 1.88 | 0.10} M75 
NGC 6934 | 20 34 39.5 | +07 2614] 8.83] 0.77 | 0.10] 16.29 | —1.54| —411.4] 1.53 | 0.25 
NGC 6981 20 5359.2 | —123002) 9.27} 0.72 | 0.05} 16.31 | —1.40 | —345.1) 1.23 |.0.54] M72 
NGC 7006 | 2101 56.1 | +16 1331 | 10.56 | 0.75 | 0.05} 18.24 | —1.63 | —384.1 | 1.42 | 0.24 
NGC 7078 | 21 3025.8 | +12 1232] 6.20] 0.68 | 0.10} 15.37 | —2.26| —107.0 | 2.50c | 0.07} M15 


NGC 7089 | 21 3358.6 | —00 4650] 6.47 | 0.66 | 0.06] 15.49 | —1.62} — 5.3] 1.80 | 0.34] M2 
NGC 7099 | 21 4054.3 | —23 0809] 7.19 | 0.60 | 0.03} 14.62 | —2.12 | —181.9] 2.50c | 0.06 | M 30 
Pal 12 2147 10.7 | —21 1224] 11.99 | 1.07 | 0.02) 16.47 | —0.94] + 27.8] 1.94 | 0.20 

Pal 13 23 07 13.0 | +12 49 24 | 13.47 | 0.76 | 0.05] 17.21 | —1.74] + 24.1] 0.68 | 0.65 


NGC 7492 | 23 08 56.7 | —15 33 35 | 11.29 | 0.42 | 0.00} 17.06 | —1.51 | —207.6}| 1.00 | 0.83 


ICRF RADIO SOURCE POSITIONS H69 
TERS Right Pear 
Designation ake hecontiol ee ive vi “ 5 ate 
h m S ol 7 " 
0003+380 00 05 57.175 409 +38 20 15.148 57 G 19.4 0.229 0.50 
0007+ 106 Il ZW 2 00 10 31.005 888 +10 58 29.504 12 G 15.4 0.090 0.42 
0007+171 00 10 33.990 619 +17 24 18.761 35 Q 18.0 1.601 1.19 
0010+405 4C 40.01 00 13 31.130 213 +40 51 37.144 07 G 17.9 0.256 1.05 
0014+813 00 17 08.474 953 +81 35 08.136 33 Q 16.5 3.387 0.55 
0039+230 00 42 04.545 183 +23 20 01.061 29 
0047—579 00 49 59.473 091 =57 38 27.339 92 Q 18.5 1.797 29 
0109+224 O1 12 05.824 718 +22 44 38.786 19 L ily 0.78 
01234257 4C 25.05 01 26 42.792 631 +25 59 01.300 79 Q 17.5 2398 0.97 
0131—522 01 33 05.762 585 —52 00 03.946 93 Q 20.0 0.020 
0133+476 OC 457 01 36 58.594 810 | +4751 29.100 06 Q 19.0 0.859 3.26 
0135—247 OC—259 01 37 38.346 378 —24 30 53.885 26 Q 17.3 0.831 1.65 
0138—097 01 41 25.832 025 —09 28 43.673 81 1, 16.6 >0.501 1.19 
0148+274 O01 51 27.146 149 | +27 44 41.793 65 G 20.0 1.260 
0149+218 01 52 18.059 047 | +22 07 07.700 04 Q 18.0 1.320 1.08 
0153+744 01 57 34.964 908 +74 42 43.229 98 Q 16.0 2.338 19)! 
0159+723 02 03 33.385 004 | +72 32 53.667 41 IU, 19.2 0.33 
0202+319 02 05 04.925 371 +32 12 30.095 60 Q 18.0 1.466 1.02 
0215+015 OD 026 02 17 48.954 740 | +01 44 49.699 09 Q 18.8 iIeZ/le) 0.36 
0219+428 3C 66A 02 22 39.611 500 | +43 02 07.798 84 fe, 15.2 0.444 1.04 
0220—349 02 22 56.401 625 —34 41 28.730 11 Q 22.0 1.490 
0224+671 4C 67.05 02 28 50.051 459 | +67 21 03.029 26 Q 19.5 
0230—790 02 29 34.946 647 —78 47 45.601 29 Q 18.9 1.070 0.77 
0235+164 OD 160 02 38 38.930 108 | +16 36 59.274 71 I, 15.5 0.940 29 
0239+108 OD 166 02 42 29.170 847 +11 01 00.728 23 Q 20.0 
0248+430 02 51 34.536 779 | +43 15 15.828 58 Q 17.6 1.310 1.21 
0256+075 OD 094.7 02 59 27.076 633 +07 47 39.643 23 Q 18.0 0.893 0.98 
0302—623 03 03 50.631 333 —62 11 25.549 83 Q 18.0 
0306+ 102 OE 110 03 09 03.623 523 +10 29 16.340 82 Q 18.4 0.863 0.70 
0308—611 03 09 56.099 167 —60 58 39.056 28 Q 18.5 
0309+411 NRAO 128 03 13 01.962 129 | +41 20 01.183 53 G 18.0 0.136 0.46 
0342+147 03 45 06.416 546 | +1453 49.558 18 
0400+258 CTD 26 04 03 05.586 048 | +26 00 01.502 74 Q 18.0 2.109 1.79 
0406+ 121 04 09 22.008 740 | +12 17 39.847 50 I 20.2 1.020 1.62 
0414—189 04 16 36.544 466 —18 51 08.340 12 Q 18.5 1.536 0.77 
0422—380 04 24 42.243 727 —37 56 20.784 23 Q 18.1 0.782 0.81 
0422+004 OF 038 04 24 46.842 052 | +00 36 06.329 83 Ly 17.0 1.60 
0423+051 04 26 36.604 102 | +05 18 19.872 04 Q 19.5 1.333 
0426—380 04 28 40.424 306 —37 56 19.580 31 1, 19.0 > 1.030 eS 
0437—454 04 39 00.854 714 —45 22 22.562 60 Q 20.6 
0440—003 NRAO 190 04 42 38.660 762 —00 17 43.419 10 Q 192 0.844 2.39 
0446+112 04 49 07.671 119 | +11 21 28.596 62 G 20.0 
0454—810 04 50 05.440 195 —81 01 02.231 46 G 19.2 0.444 1.36 
0457+024 OF 097 04 59 52.050 664 +02 29 31.176 31 Q 18.5 2.384 1.21 
0458+138 05 01 45.270 840 | +13 56 07.220 63 
0502+049 05 05 23.184 723 +04 59 42.724 48 Q 19.0 0.954 
0506—612 05 06 43.988 739 —61 09 40.993 28 Q 16.9 1.093 2.05 
0454+844 05 08 42.363 503 +84 32 04.544 02 L 16.5 0.112 1.40 
0507+179 05 10 02.369 122 +18 00 41.581 71 


0516—621 


05 16 44.926 178 


—62 07 05.389 30 


H70 


TIERS 
Designation 


0518+165 
0521—365 
0530—727 
0537—286 
0539—057 


0538+498 
0544+273 
0556+238 
0609+607 
0615+820 


0629—418 
0637-752 
0636-+680 
0642+449 
0648—165 


0707+476 
0716+714 
0722+145 
0723—008 
0718+792 


0733—174 
0738—674 
0738+313 
07434259 
07454241 


0749+540 
0754+ 100 
0804+499 
0805+410 
0812+367 


0818—128 
0820+560 
08214394 
0826—373 
0829+046 


0828+493 
0831+-557 
0834—201 
0833+585 
0839+ 187 


0850+581 
0859+470 
0912+-297 
0917-+449 
0917+624 


0945-+408 
0952+179 
0955+476 
0955+326 
0954+-658 


ICRF RADIO SOURCE POSITIONS 


Name 


Right 
Ascension 


Declination 


Type 


V 


BENBS 


OG—263 


3C 147 


OH 617 


OH 471 


4C 14.23 
OI 039 


OI 363 


OI 275 


4C 54.15 
OI 090.4 
OJ 508 


OJ 320 


OJ 131 
4C 56.16A 
4C 39.23 


OJ 049 


OJ 448 
4C 55.16 


4C 58.17 
OJ 499 
OK 222 


OK 630 


4C 40.24 
VRO 17.09.04 
OK 492 

Be 282 


Rotm’ 5 
05 21 09.886 021 
05 22 57.984 651 
05 29 30.042 235 
05 39 54.281 429 
05 41 38.083 384 


05 42 36.137 916 
05 47 34.148 941 
05 59 32.033 133 
06 14 23.866 195 
06 26 03.006 188 


06 31 11.998 059 
06 35 46.507 934 
06 42 04.257 418 
06 46 32.025 985 
06 50 24.581 852 


07 10 46.104 900 
07 21 53.448 459 
07 25 16.807 752 
07 25 50.639 953 
07 2689-735 177. 


07 35 45.812 508 
07 38 56.496 292 
07 41 10.703 308 
07 46 25.874 166 
07 48 36.109 278 


07 53 01.384 573 
07 57 06.642 936 
08 08 39.666 274 
08 08 56.652 038 
08 15 25.944 824 


08 20 57.447 616 
08 24 47.236 351 
08 24 55.483 865 
08 28 04.780 268 
08 31 48.876 955 


08 32 23.216 688 
08 34 54.903 997 
08 36 39.215 215 
08 37 22.409 733 
08 42 05.094 180 


08 54 41.996 385 
09 03 03.990 103 
09 15 52.401 620 
09 20 58.458 480 
09 21 36.231 054 


09 48 55.338 145 
09 54 56.823 626 
09 58 19.671 648 
09 58 20.949 621 
09 58 47.245 101 


/ " 


+16 38 22.051 22 
—36 27 30.850 92 
—72 45 28.507 31 
—28 39 55.947 45 
—05 41 49.428 39 


+49 51 07.233 56 
+27 21 56.842 40 
+23 53 53.926 90 
+60 46 21.755 38 
+82 02 25.567 64 


—41 54 26.946 11 
—75 16 16.815 33 
+67 58 35.620 85 
+44 51 16.590 13 
—16 37 39.725 00 


+47 32 11.142 67 
+71 20 36.363 39 
+14 25 13.746 84 
—00 54 56.544 38 
+79 11 31.016 24 


—17 35 48.501 31 
—67 35 50.825 83 
+31 12 00.228 62 
+25 49 02.134 88 
+24 00 24.110 18 


+53 52 59.637 16 
+09 56 34.852 10 
+49 50 36.530 46 
+40 52 44.888 89 
+36 35 15.148 30 


—12 58 59.169 49 
+55 52 42.669 38 
+39 16 41.904 30 
—37 31 06.280 64 
+04 29 39.085 34 


+49 13 21.038 23 
+55 34 21.070 80 
—20 16 59.503 50 
+58 25 01.845 21 
+18 35 40.990 61 


“ST STZ91939128 
+46 51 04.137 53 
+29 33 24.042 74 
+44 41 53.985 02 
+62 15 52.180 35 


+40 39 44.587 19 
+17 43 31.222 42 
+47 25 07.842 50 
+32 24 02.209 29 
+65 33 54.818 06 


Q 
i 


CO LA 


ealy,©) MOHAN LDA 


QO 


OOF (OOo Se 2} 


GS Oye 2 OO G0 2 VO elearts VS 


18.8 
14.6 


20.0 
20.4 


17.8 


19.1 
LTS 


19:3 
15.8 
16.6 
18.5 


18.2 
155 


0.127 


ICRF RADIO SOURCE POSITIONS Hi 
IERS Right cae 
Designation MBES esr Pie SEO ype M “ eu 5 ae 
h m s Oo ff " 
1012+232 4C 23.24 10 14 47.065 445 +23 01 16.570 91 Q 17.5 0.565 081 
1020+400 10 23 11.565 623 +39 48 15.385 39 Q fs) 1.254 0.87 
1030+415 VRO 10.41.03 10 33 03.707 841 +41 16 06.232 97 Q 18.2 1.120 LANS 
1032—199 10 35 02.155 274 —20 11 34.359 75 Q 19.0 2.198 1.02 
1038-++064 OL 064.5 10 41 17.162 504 | +06 10 16.923 78 Q 16.7 1.265 1.32 
1038+528 OL 564 10 41 46.781 639 | +52 33 28.231 27 Q 17.6 0.677 0.42 
1038+529 10 41 48.897 638 +52 33 55.607 90 Q 18.6 2.296 0.14 
1040+-123 3C 245 10 42 44.605 212 | +1203 31.264 07 Q 17.3 1.028 1.39 
1039+811 10 44 23.062 554 | +8054 39.443 03 Q 16.5 1.260 1.14 
10494215 4C 21.28 10 51 48.789 073 +21 19 52.314 11 Q 18.5 1.300 125 
1053+815 10 58 11.535 365 +81 14 32.675 21 Q 20.0 0.706 0.77 
1057—797 10 58 43.309 786 —80 03 54.159 49 Q 19.3 
1111+149 OM 118 11 13 58.695 097 +14 42 26.952 62 Q 18.0 0.869 0.60 
1116+128 4C 12.39 11 18 57.301 443 +12 34 41.718 06 Q Sy 2.118 1.48 
1128+385 11 30 53.282 612 | +38 15 18.547 07 Q 16.0 SS 0.77 
1130+009 11 33 20.055 797 +00 40 52.837 20 Q 19.0 
1143—245 OM 272 11 46 08.103 374 —24 47 32.896 81 Q 18.0 1.950 1.49 
1147+245 OM 280 1 SONS 212 N73 +24 17 53.835 03 iL, Se 1.00 
1148—671 11 51 13.426 591 —67 28 11.094 23 
1150+812 11 53 12.499 130 | +8058 29.154 51 Q 18.5 1.250 1.18 
1150+497 AC 49.22 11 53 24.466 626 | +49 31 08.830 14 Q V7 0.334 AD. 
iiS5--25 11 58 25.787 505 +24 50 17.963 69 G Wed 
1213-350 4C 35.28 12 15 55.601 049 | +34 48 15.220 53 Q 20.0 0.857 1.01 
1215+303 ON 325 12 17 52.081 987 +30 07 00.636 25 IE 15.6 0.237 0.42 
1216+487 ON 428 12 19 06.414 733 +48 29 56.164 97 Q 18.5 1.076 1.08 
1219+044 4C 04.42 12 22 22.549 618 | +04 13 15.776 30 Q 18.0 0.965 0.93 
1221+809 12 23 40.493 698 +80 40 04.340 31 iL, 19.0 0.52 
1226+373 12 28 47.423 662 +37 06 12.095 78 1.515 
1228+126 3C 274 12 30 49.423 381 +12 23 28.043 90 G 129 0.004 | 71.90 
1236+077 12 39 24.588 312 | +07 30 17.189 09 Q 18.5 0.400 0.67 
1236—684 12 39 46.651 396 —68 45 30.892 60 Q 18.5 
1252+119 ON 187 12 54 38.255 601 +11 41 05.895 07 Q 16.6 0.870 1.00 
125-713 12 54 59.921 421 —71 38 18.436 64 Q PIN) 
1257+145 13 00 20.918 799 +14 17 18.531 07 A 18.0 
1308+326 OP 313 13 10 28.663 845 +32 20 43.782 95 Q LSE; 0.997 1.59 
13244224 13 27 00.861 311 +22 10 50.163 06 1.400 
1342+662 13 43 45.959 534 | +66 02 25.745 03 Q 20.0 0.766 0.54 
13424663 13 44 08.679 674 +66 06 11.643 81 Q 18.6 1.351 0.82 
1347+539 4C 53.28 13 49 34.656 623 +53 41 17.040 28 Q 7h) 0.976 0.96 
1416+067 3C 298 14 19 08.180 173 +06 28 34.803 49 Q 16.8 1.439 1.46 
1418+546 OQ 530 14 19 46.597 401 +54 23 14.787 21 L itS\e7 0.152 1.09 
1435+638 14 36 45.802 138 +63 36 37.866 58 Q 16.6 2.062 1.24 
1442+101 OQ 172 14 45 16.465 213 +09 58 36.072 44 Q 17.8 3,939 1.15 
1445-161 14 48 15.054 162 —16 20 24.548 88 Q 18.9 2.417 0.80 
1448+762 14 48 28.778 877 +76 O1 11.597 17 G We} 0.899 0.68 
1459+480 15 00 48.654 199 +47 51 15.538 26 Al 
1504+377 OR 306 15 06 09.529 958 +37 30 51.132 41 G 2ile2 0.674 1.10 
1514+197 15 16 56.796 194 +19 32 12.991 87 if 18.7 0.50 
1532+016 15 34 52.453 675 +01 31 04.206 57 Q 18.0 1.435 0.92 
1538+149 4C 14.60 15 40 49.491 511 +14 47 45.884 85 Je, 7/3) 0.605 1.95 


rk2 


IERS 
Designation 


1547+507 
1549—790 
1600+335 
1604—333 
1606+ 106 


1616+063 
1619—680 
1624+416 
1637+574 
1642+690 


1656+348 
1705+018 
1706—174 
1718—649 
1726+455 


1727+502 
1725+044 
1743+173 
1745+624 
1749+701 


1751+441 
1800+440 
1758—651 
1823+568 
1830+285 


18454797 
1842+681 
1849+670 
1856+737 
1903—802 


1954+513 
1954—388 
2000—330 
2008—068 
2017+745 


2021+317 
2030+547 
2029+121 
2037+511 
2048+312 


2051+745 
2052—474 
2059+034 
2059—786 
2106—413 


213-293 
2109-811 
2136+141 
2143—156 
2145+067 


4C 10.45 


4C 41.32 
OS 562 
4C 69.21 


OS 392 


On ae 


OT 546 


4C 62.29 


OT 486 
OU 401 


4C 56.27 
4C 28.45 


3C 390.3 


4C 66.20 


OV 591 


OW—015 
4C 74.25 


4C 31.56 
OW 551 


3C 418 
CL 4 


OW 098 


OX 161 
OX—173 
4C 06.69 


Right 
Ascension 


h m s 
15 49 17.468 534 
15 56 58.869 899 
16 02 07.263 468 
16 07 34.762 344 
16 08 46.203 179 


16 19 03.687 684 
16 24 18.437 150 
16 25 57.669 700 
16 38 13.456 293 
16 42 07.848 514 


16 58 01.419 204 
17 07 34.415 277 
17 09 34.345 380 
17 23 41.029 765 
17 27 27.650 808 


17 28 18.623 853 
17 28 24.952 716 
17 45 35.208 181 
17 46 14.034 146 
17 48 32.840 231 


17 53 22.647 901 
18 O1 32.314 854 
18 03 23.496 605 
18 24 07.068 372 
18 32 50.185 631 


18 42 08.989 953 
18 42 33.641 636 
18 49 16.072 300 
18 54 57.299 946 
19 12 40.019 176 


19 55 42.738 273 
19 57 59.819 271 
20 03 24.116 306 
20 11 14.215 847 
20 17 13.079 311 


20 23 19.017 351 
20 31 47.958 562 
20 31 54.994 279 
20 38 37.034 755 
20 50 51.131 502 


20 51 33.734 576 
20 56 16.359 851 
21 01 38.834 187 
21 05 44.961 453 
21 09 33.188 582 


21 15 29.413 455 
21 16 30.845 958 
21 39 01.309 267 
21 46 22.979 340 
21 48 05.458 679 


ICRF RADIO SOURCE POSITIONS 


Declination 


, ur 


+50 38 05.788 20 
—79 14 04.281 34 
+33 26 53.072 67 
—33 31 08.913 13 
+10 29 07.775 85 


+06 13 02.243 57 
—68 09 12.498 11 
+41 34 40.629 22 
+57 20 23.979 18 
+68 56 39.756 40 


+34 43 28.402 40 
+01 48 45.699 23 
—17 28 53.364 80 
—65 00 36.615 18 
+45 30 39.731 39 


+50 13 10.470 01 
+04 27 04.914 01 
+17 20 01.423 41 
+62 26 54.738 42 
+70 05 50.768 82 


+44 09 45.686 08 
+44 04 21.900 31 
—65 07 36.761 77 
+56 51 01.490 88 
+28 33 35.955 30 


+79 46 17.128 01 
+68 09 25.227 88 
+67 05 41.679 93 
+73 51 19.907 47 
—80 10 05.946 27 


+51 31 48.546 23 
—38 45 06.356 26 
=32 SIMS MS2B1 
—06 44 03.555 19 
+74 40 47.999 91 


ok 53/02305°95 
+54 55 03.140 60 
+12 19 41.340 43 
+51 19 12.662 69 
+31 27 27.373 68 


+74 41 40.498 23 
—47 14 47.627 68 
+03 41 31.321 59 
—78 25 34.546 64 
—41 10 20.605 30 


+29 33 38.366 94 
—80 53 55:223 39 
+14 23 35.991 99 
—15 25 43.885 26 
+06 57 38.604 22 


Type 


Q © 


DD JOO 2 21 f 21 Sua Oye CO EO CO Oise) O1@ > © 6) GDilto Oo 105 


(QL OY 2 Te) VEE 2st Vere is 


129 
3.79 
0.70 


0.53 
2.45 
0.77 


2.28 
1.45 
testi 


0.51 
4.41 


TIERS 
Designation 


2146—783 
2150+173 
2204—540 
2209-+-236 
2229+695 


2232—488 
2254-++074 
2312319 
MNS ei PAP 
2320+506 


2326—477 
2329—162 
2329—384 


Name 


OY 091 


4C 27.50 
OZ 533 


Right 
Ascension 


h m s 
21 52 03.154 504 
21 52 24.819 405 
22 07 43.733 296 
22 12 05.966 318 
22 30 36.469 725 


22 35 13.236 524 
22 57 17.303 120 
23 14 48.500 631 
23 21 59.862 235 
23 22 25.982 159 


23 29 17.704 369 
23 31 38.652 436 
23 31 59.476 115 


ICRF RADIO SOURCE POSITIONS 


Declination 


Type 


—78 07 06.639 62 
+17 34 37.794 82 
—53 46 33.820 04 
+23 55 40.543 88 
+69 46 28.076 98 


—48 35 58.794 55 
+07 43 12.302 84 
—31138.39:526151 
+27 32 46.443 43 
+0 S765 1.963 7 


—47 30 19.115 19 
—15156'57.009'52 
—38 11 47.650 53 


Notes to Table 


“>” indicates value is a lower limit 


1 
Qs Quasar 

G_ Galaxy 

LBL Lac object 

?L~ BL Lac candidate 
A Other 


Sarin 


EQ ae > 


DAHA 


H74 


3C 48° 
3G123 
3G 147° 
3C 161 
8C218 


36027, 
3C 249.1 
3C 274¢F 
3C 286° 
3C 295 


3C 348 
3@353 

DR 21 
NGC 70274 


RADIO FLUX CALIBRATORS, J2000.0 


h m 


01 37 41.299 
04 37 04.4 

05 42 30.138 
06 27 10.0 
09 18 06.0 


09 47 46.4 
11 04 11.5 
12 30 49.423 
13 31 08.288 
14 11 20.7 


16 51 08.3 
17 20 29.5 
20 39 01.2 
2i 07 01.6 


+33 09 35. 13 
+29 40 15 


+49 51 07.23 


—05 53 07 
—1205 45 


+07 25 12 
+76 59 01 
+12 23 28.04 
+30 30 32.96 
+52 12 09 


+04 59 26 
—00 58 52 
+42 19 45 
+42 14 10 


16. 30 
48.70 
22.42 
18.64 
43.10 


VPA 
2.48 
214.00 
14.71 
22.40 


45.00 
57.30 


1.43 


Name 
Jy 
3C 48° 2.54 
8C128 7.94 
3C 147°8 3.95 
3C 161 2.97 
3C 218 6.77 
SOT, 1.34 
3C 249.1 0.34 
3C 274°f 37.50 
3C 286° 4.38 
3C 295 2.54 
3C 348 5.30 
BC393 10.90 
DR 21 20.80 


NGC 70274 5195 


Notes to Table 


Right 
Declinatio S S S S: 


Jy 
14.12 


42.40 
19.43 
16.38 
36.80 23.70 


6.25 4.19 
2.14 1.40 
184.00 | 122.00 


9 33 
28.50 
12.96 
aS 


Jy 
3.39 
10.60 
5.10 
4.03 
8.81 


1.71 
0.47 
48.10 


L329 10.55 
19.24 12.19 


37.50 22.60 
50.50 35.00 


1°93 3.69 


tion (at 
5 GHz) 


a Haio has steep spectral index, so for A < 6 cm, more than 90% of the flux 
is in the core. The slope of the spectrum is positive above 20 GHz. 
Angular distance between the two components 
Angular size at 2 cm, but consists of 5 smaller components 


All data are calculated from a fit to the thermal spectrum. Mean epoch is 1995.5. 


Suitable for calibration of interferometers and synthesis telescopes. 


Indications of time variability above 5 GHz 


AL Galaxy 


b 
c 
d 
e 
ii Virgo A 
& 
G 
HII HII region 


PN Planetary Nebula 


QSS Quasar 


Polariza- 


5.39 
3.66 


TAS 
14.20 
21.60 

5.90 


Angular 
Size (at 
1.4GHz) 


" 


<l 

20 

<l 

<3 

core 25, 
halo 220 
180 

15 
halo 400? 
<2) 


SELECTED X-RAY SOURCES, J2009.5 


Name i Right Declination 
scension 


Flux! 
hm Ss ° Ke iit busy 

Tycho’s SNR 00 25 52.1 +64 11 28 8.08 
4U 0037-10 00 42 03.5 —09N7-53 Si) 
4U 0053+60 00 5717.4 | +60 4605 5.00 — 11.0 
SMC X—1 01 17 20.3 =13'23 36 0:50 — 57.0 
2S 01144650 OL 18 41.2 +65 20 29 4.00 
4U 0115+634 01 19 09.8 +63 47 32 2.00 — 350.0 
4U 0316441 03 20 25.8 +41 32 46 52.1 
4U 0352+309 03 55 58.8 +31 04 23 9.00 — 37.0 
4U 0431-12 04 34 02.6 —13 13:33 29 
4U 0513—40 05 14 25.4 —40 01 59 6.00 
LMC X—2 05 20 19.6 —71 57 04 9.00 — 44.0 
LMC xX—4 05 32 50.0 —66 21 51 3.00 — 60.0 
Crab Nebula 05 35 05.6 +22 01 13 1041.7 
A 0538—66 05 35 44.6 —66 50 05 0.01 — 180.0 
LMC X-3 05 38 59.9 —64 04 46 1.70 — 44.0 
A 0535+262 05 39 30.0 +26 19 14 3.00 — 2800.0 
LMC X—1 05 39 35.0 —69 44 17 3.00 — 25.0 
4U 0614+091 06 17 39.3 +09 08 23 50.0 
IC 443 06118 35:9 B= -22/33' 33 3.78 
A 0620—00 06 23 13.7 —00 21 03 0.02 — 50000 
4U 0726—260 07 29 17.0 —26 07 41 1.20 — 4.70 
EXO 0748—676 07 48 35.3 —67 46 35 0.10 — 60.0 
Pup A 08 24 26.8 —43 01 47 8.25 
Vela SNR 08 34 30.4 —45 47 09 10.01 
GRS 0834—430 08 37 11.4 —43 17 00 30.0 — 300.0 
Vela X—1 09 02 28.5 —40 35 33 2.00 — 1100.0 
3A 1102+385 11 04 58.9 +38 09 27 213 
Cen X—3 11 21 40.6 —60 40 35 10.0 — 312.0 
4U 1145-619 11 48 28.0 —62 15 35 4.00 — 1000.0 
4U 1206+39 12 1101.3 +3920 11 4.73 
GX 301—2 12 27 09.7 —62 49 22 9.00 — 1000.0 
3C 273 12 29 35.8 +02 00 00 2.96 
4U 1228+12 12 31 18.3 +12 20 19 23.9 
4U 1246-41 12 49 20.9 —41 21 45 5.24 
4U 1254—690 IZS8'1S.3 —69 20 19 25.0 
4U 1257+28 13 00 03.3 +27 54 40 16.3 
GX 304-1 13 01 52.5 —61 39 10 0.30 — 200.0 
Cen A 13 26 01.2 —43 04 06 9.24 
Cen X—4 14 58 57.2 —32 03 22 0.10 — 20000 
SN 1006 15 02 59.6 —41 56 00 2.65 
Cir x1 P5225 2 —57 1201 5.00 — 3000.0 
4U 1538—522 15 43 06.2 —52 24 57 3.00 — 30.0 
4U 1556—605 16 01 50.4 —60 46 00 16.0 
4U 1608—522 16 13 26.8 —52 26 46 1.00 — 110.0 
Sco X—1 16 20 27.5 —15 39 45 14000.0 
4U 1627+39 16 28 57.9 +39 3151 4.22 
4U 1626—673 16 33 14.4 —67 28 51 25.0 
4U 1636—536 16 41 41.1 —53 46 09 220.0 
GX 340+0 16 46 29.4 —45 37 42 500.0 
GRO J1655—40 16 54 39.6 —39 51 39 1600.0 


LSs7 
1.6V 

13%3 

11.0 


14.5V 

125) 
6.0V 

15.3 
8.1 


18.0V 
14.0 
8.4 
13V 
16.7V 


8.9V 
14.5 
ie, 


16.4V 


11.6 
16.9V 


20.0 
20.4 


6.9 
Hokey’ 
1333 

w).3) 
De 


10.8 
13.0 
o2 
12.4* 
19.1 


10.7 
1315 Vi 
6.98 
12.8 
19.9 


21.4 
14.4 
18.6V 
ALIN 
WP 


LSi9 
18.5 
j7E3) 


14.2V 


Identified Counterpart 


Tycho’s SNR 
Abell 85 
Gamma Cas 
Sanduleak 160 
LSI + 65 010 


V 635 Cas 
Abell 426 
X Per 

Abell 496 
NGC 1851 


OB star 
Crab Nebula 
Be star 

B3V star 


HD 245770 
O7IILI star 
V 1055 Ori 
IC 443 

V 616 Mon 


LS 437 
UY Vol 
Pup A 
Vela SNR 


HD 77581 
MRK 421 
V 779 Cen 
HD 102567 
NGC 4151 


Wray 977 

3C 273 

M 87 

Centaurus Cluster 
GR Mus 


Coma Cluster 
V 850 Cen 
QSO 1322—428 
V 822 Cen 

SN 1006 


BR Cir 
QV Nor 
LU TrA 
QX Nor 
V 818 Sco 


Abell 2199 
KZ TrA 
V 801 Ara 


V 1033 Sco 


H75 


Type 
of Source 


H76 SELECTED X-RAY SOURCES, J2009.5 


Right ere 1 2 ; Type 
Flux Mag. Identified Counterpart RPS ivirce 


h m 8 Ou ayaa J 
Her X—1 1658 10.4 | +35 19 42 15.0 — 50.0 13.0V | HZ Her LMXB 
4U 1704—30 1702 42.6 | —2957 32 3.45 18.3V | V 2131 Oph B 
GX 339—4 17 03 32.7 —48 48 10 1.50 — 900.0 15.5 V 821 Ara BHC 
4U 1700-377 17 04 35.6 | —375125 11.0 — 110.0 6.6 V 884 Sco HMXB 
GX 349+2 17 06 22.8 | —36 2607 825.0 V 1101 Sco LMXB 
4U 1708—23 17 12 35.5 =23:21 56 33.0 
4U 1722-30 1728 10.0 | —30 48 32 7.56 17 Terzan 2 LMXB 
Kepler’s SNR 1731 10.0) || —21:29 19 Usps) Ie) Kepler’s SNR SNR 
GX 949 17 3217.0 | —1658 06 300.0 16.8 V 2216 Oph LMXB 
GX 354—0 17 32 35.0 | —335021 150.0 B 
GX 144 17 32 37.2 | —244507 100.0 19.0 V 2116 Oph LMXB 
Rapid Burster 17 3401.1 —33 23 47 0.10 — 200.0 1S Liller 1 B 
4U 1735—444 17 39 39.9 | —44 27 18 160.0 iS V 926 Sco LMXB 
1E 1740.7—2942 17 44 39.1 —29 43 38 4.00 — 30.0 BHC 
GX 3+1 17 48 32.0 | —26 3400 400.0 V 3893 Ser B 
4U 1746-37 1750 51.5 —37 03 16 32.0 8.4* | NGC 6441 LMXB 
4U 1755-338 175917.9 | —33 48 26 100.0 18.5 V 4134 Ser BHC 
GX 5-1 18 01 43.1 —25 04 53 1250.0 LMXB 
GX 9+1 18 02 05.1 —20 31 38 700.0 LMXB 
GX 13+1 18 1503.4 | —1709 16 350.0 LMXB 
GX 17+2 18 16 33.8 —1401 58 700.0 17.5 NP Ser LMXB 
4U 1820—30 18 24 17.1 =302122 250.0 8.6* | NGC 6624 LMXB 
4U 1822—37 18 26 25.6 | —3705 57 10.0 — 25.0 15.9V | V 691 CrA B 
Ser X-1 18 40 25.7 | +05 02 44 225.0 19.2* | MM Ser B 
4U 1850—08 18 53 36.2 | —08 41 39 7.00 8.9 NGC 6712 LMXB 
Aql X—1 19 1144.7 | +0036 12 0.10 — 1300.0 14.8 V 1333 Aql LMXB 
SS 433 LOAD ATTA 04159 57 111 14.2 SS 433 BHC 
GRS 1915+105 19 1538.6 | +1057 47 300.0 V 1487 Aql BHC 
4U 1916—053 19 19 18.3 = 0583105 25.0 21V V 1405 Aql B 
Cyg X-1 19 58 43.1 +35 13 40 235.0 — 1320.0 8.9 V 1357 Cyg BHC 
4U 1957+11 195950.9 | +11 4405 30.0 18.7V | V 1408 Aql LMXB 
Cyg X-3 20 32 46.7 | +4059 18 90.0 — 430.0 V 1521 Cyg BHC 
4U 2127+119 21 3025.8 | +12 12 34 6.00 15.8V | M15 LMXB 
4U 2129+47 21 3147.1 +47 19 56 9.00 16.9 V1727 Cyg B 
SS Cyg 2143 05.3 | +43 3747 2.21 124 Vo} SS Cyg B 
Cyg X—2 2145 04.8 | +382155 450.0 14.7 V 1341 Cyg LMXB 
Cas A 23 23 47.3 +58 5153 58.7 19.6 Cassiopeia A SNR 
Notes to Table 
d (2—10) keV flux 
4 “*” indicates B magnitude, otherwise V magnitude 
“V” indicates variable magnitude 

AGN active galactic nuclei LMXB _ low mass X—ray binary 

B X-—ray burster P pulsar 

BHC black hole candidate Q quasar 

Cc cluster of galaxies SNR supernova remnant 


HMXB high mass X—ray binary ih transient (nova—like optically) 


SELECTED QUASARS, J2009.5 la Ari 


Name mn Bigne Declination 

scension 

h m s o ws 
SDSS J00172—1000 00 17 43.6 | —09 5745 
NPM1G—22.0017 00 42 00.4 | —22 35 31 
M 31 00 43 15.6 | +41 1917 
IZw 1 00 5404.8 | +12 44 41 
TON S180 00 57 48.1 | —22 1952 14.41 | 0.062 +0.19 | —23.3 
F9 01 2407.5 | —58 45 23 13.83 | 0.046 +0.43 | —23.0 
NGC 612 01 34 23.3 | —36 2641 13.20 | 0.030 —23.1 
3C 48.0 0138 14.0 | +33 12 28 16.20 | 0.367 5370 | 15651 | +0.42 | —25.2 
87GB 01540+4105 0157 39.7 | +41 23 16 13.80 | 0.081 30 45 —24.7 
SDSS J02316—0728 02 3205.8 | —0O7 26 24 23.17 | 5.421 +3.18 | —26.2 
4U 0241+61 02 45 42.9 | +62 30 29 12.19 | 0.045 376 356 | —0.04 | —25.0 
Q 0302—0019 03 05 19.1 | —00 06 01 17.83 | 3.290 +0.42 | —29.8 
NGC 1266 03 1629.5 | —02 23 33 0.007 113 
SDSSp J03384+0021 | 03 3858.6 | +00 23 46 23.26 | 5.010 +2.82 | —26.3 
IRAS 03575—6132 03 58 27.8 | —61 2231 14.20 | 0.047 —23.1 
PKS 0438—43 04 40 35.1 | —43 32 04 19.50 | 2.852 7580 —27.2 
RXS J05345—6016 05 34 38.1 | —6015 54 14.46 | 0.057 —23.2 
RXS J05373—4443 05 3735.4 | —44 42 46 14.19 | 0.099 —24.7 
3C 147.0 05 43 20.5 | +4951 21 17.80 | 0.545 8180 | 22511 | +0.65 | —24.2 
IRAS 06115—3240 06 13 41.9 | —32 4205 14.10 | 0.050 5 —23.3 
HS 0624+6907 06 31 04.7 | +69 04 38 14.16 | 0.370 +0.48 | —27.2 
PKS 0637—75 06 35 28.0 | —75 16 46 15.75 |=0!651 6190 +0.33 | —27.0 
SDSSp JO7563+4104 | 075657.0 | +41 02 35 23.32 | 5.090 0 | +3.02 | —26.1 
B3 0754+394 07 58 38.4 | +39 1855 14.36 | 0.096 3 12 | +0.38 | —24.1 
SDSS J08464+0800 08 46 58.3 | +0758 44 23.03 | 5.030 +2.97 | —26.4 
SDSS J09027+0851 09 03 16.3 | +08 48 59 23.43 | 5.226 +2.58 | —26.5 
Q J0906+6930 09 07 23.2 | +69 28 12 5.470 106 91 
SDSSp J09132+5919 | 09 1359.9 | +59 1659 23:32") 4510 8 18 | +2.51 | —26.6 
SDSS J09157+4924 09 16 22.6 | +49 21 53 22.88 | 5.196 +3.67 | —25.9 
IRAS 09149—6206 09 16 22.8 | —62 2153 113.551 |°20:057 16 +0.52 | —23.6 
B2 0923+39 09 27 38.6 | +3859 51 17.03 | 0.698 7570 2959 | +0.24 | —26.0 
NGC 3031 09 5619.5 | +6901 12 11.63 | 0.000 93 624 | +1.12 
SDSS J09571+0610 09 57 37.6 | +06 08 16 23:089| STIS +4.76 | —24.6 
Q J10107—0131 1011 15.4 | —01 33 53 19.89 | 5.090 —32.5 
SDSS J10136+4240 10 1410.7 | +42 37 36 23.09 | 5.038 +3.50 | —25.8 
RXS J10279—0647 10 28 27.3 | —065051 14.35 | 0.116 13 —24.9 
RXS J10292+2729 1029 44.8 | +27 2701 0.038 
HE 1029-1401 10 3222.4 | —141949 13.86 | 0.086 13 | +0.22 | —24.5 
7C 1029+2813 10 32 45.8 | +2753 03 14.30 | 0.085 Sh —24.3 
RXS J10374—1111 10 3752.6 | —11 1454 14.42 | 0.053 —23.1 
SDSS J10506+5804 1051 11.8 | +5801 22 22.90 | 5.132 +2.69 | —26.8 
SDSS J10533+5804 1053 58.0 | +5801 09 23:62 NFS215 +4.11 | —24.7 
NGC 3607 111724.8 | +175957 12.76 | 0.000 7 | +1.08 
CG 825 11 2139.1 | +3452 13 13.19 | 0.040 3) —23.7 
PKS 1127—14 11 30 35.8 | —1452 36 16.90 | 1.187 7310 5295 | +0.27 | —27.5 
SDSS J11327+1209 1133 16.0 | +1205 52 23.94 | 5.167 +4.65 | —23.9 
SDSS J11502+0520 11 5042.5 | +05 1702 24.36 | 5.855 +0.32 | —28.2 
4C 29.45 1200 01.1 | +29 1135 14.41 | 0.729 1461 1953 | +0.39 | —28.6 
SDSSp J12046—0021 1205 11.0 | —00 2459 22.93 | 5.030 +3.78 | —25.7 
PG 12114143 12 1446.7 | +1400 03 14.19 | 0.082 1 2} +0.27 | —24.0 


H78 SELECTED QUASARS, J2009.5 


Right 4G Flux Flux 
20cm 
mJy mJy 


h m s Oo vm 
SDSS J12217+4445 1222 14.4 | +4442 17 23.26 | 5.206 +2.73 | —26.5 
3C 273.0 12:29 35.9) | =eOLS 9159 12.85 | 0.158 | 43410 | 36983 | +0.20 | —26.9 
RX J12308+0115 123 TOFD Sia OLA2, 12 14.42 | 0.117 +0.02 | —24.8 
SDSS J12427+5213 12 43 14.1 | +52 1000 22.90 | 5.017 +2.14 | —27.3 
NPM1G+78.0053 1255 22.0 | +7834 10 12.90 | 0.043 —24.2 
3C279 12 56 40.6 | —05 50 26 17.75 | 0.538 | 15340 | 10708 | +0.26 | —24.6 
3C 286.0 13 31 34.6 | +30 27 37 17.25 | 0.846 7480 | 15024 | +0.26 | —26.4 
SDSS J13374+4155 13 3753.3 | +4152 47 23:37" |\* 5015 “3.89. |he2oull 
PG 1351+64 13 53 32.7 | +63 42 58 14.28 | 0.087 62 DIME O 26" |= 2401 
PG 1411+442 14 1410.8 | +4357 35 14.01 | 0.089 1 2 —24.7 
RXS J14183—2111 14.1851.4 | —21 1349 14.13 | 0.108 — Psy) 
SBS 1425+606 14 2711.9 | +6023 17 16.57 | 3.164 +0.41 | —30.9 
SDSS J14438+3623 14 44 13.8 | +36 2051 24.02 | 5.273 +2. 750k = 2507 
CSO 1061 1445 18.2 | +29 16 42 16.20 | 2.669 —30.8 
SDSS J15105+5148 15 1052.6 | +51 46 33 24.16 | 5.031 +3.86 | —24.3 
MCG +11.19.005 SPLOO Sai) 20515273 13.90 | 0.044 —23.2 
TEX 1601+160 16 0404.1 | +15 5231 13.97 | 0.109 251 94 254 
HS 1603+3820 1605 15.9 | +38 10 29 15.90 } 2.510 =o08 
SDSS J16144+4640 16 1442.3 | +46 39 04 23.41 | 5.313 2 | +2.97 | —26.2 
SDSS J16170+4435 16 17 23.6 | +44 33 59 18.98 | 5.490 =-0:38:5|3883 
SDSS J16264+2751 16 26 49.6 | +2750 17 23:37 1MS275 FSH 2 | 26:0 
HS 1626+6433 16 26 50.4 | +64 25 40 15.80 | 2.320 = ila 
SDSS J16264+2858 16 2652.0 | +2857 43 23350651022 aOe2 2 Gee 5ES 
3C 345.0 16 43 18.0 | +3947 34 16.62 | 0.594 5650 6599) ||| 0624259 
TEX 1653+198 1656 08.4 | +1947 54 16.60 | 3.260 187 151 —31.4 
HS 1700+6416 1701 04.4 | +64 11 20 16.20 | 2.736 +0.32° | —30:6 
PDS 456 1728523 | =1411622 14.03 | 0.184 8 22 | +0166" /9=25:6 
RXS J17366+7205 17 36 27.4 | +72:05 13 14.30 | 0.094 —24.5 
KUV 18217+6419 18 2200.1 | +64 2054 14.24 | 0.297 70 —0.01 | —27.1 
3C 380.0 18 29 46.7 | +4845 11 16.81 | 0.692 5519 | 13451 | +0.24 | —26.2 
MC 1830—211 18 3413.9 | —21 03 12 18.70 | 2.507 7920 | 10698 —28.0 
OV —236 19 25 26.9 | —29 13 22 18.21 | 0.352 | 14332 | 13180 | +0.42 | —23.1 
MARK 509 20 44 40.7 | —1041 19 13.12 | 0.035 5 LON =O.230 8 2333 
SDSS J20567—0059 20/57 13.9 | —00 5651 ZAGI2E S989 +1.97 | —29.2 
ESO 235—-IG26 20159/53.9) |) =Si158106 13.60 | 0.051 =23:8 
RXS J20593—3147 20 5955.6 | —31 45 21 14.20 | 0.074 9 —24.1 
RXS J21015—4059 2102 12.9 | —4057 35 14.35 | 0.084 —24.2 
RXS J21079—3754 21.08 35.7 |, =3751/50 14.26 | 0.049 —23.1 
PKS 2134+004 21 3707.8 | +00 44 29 17.11 | 1.932 | 11490 3712 | +0.33 | —28.4 
FIRST J21398—0804 | 21 4021.2 | —0802 18 13.39 |» 0.051 11 —24.1 
PHL 1811 2155 31.7 | —09 19 41 13.90 | 0.192 1 =2635 
PHL 5200 22 29 00.1 | —O5 1600 17.70 | 1.980 +0.75 | —27.4 
SDSS J22287—0757 22 29 15.0 | —07 5459 23.85 | 5.142 +3.62 | —25.0 
3C 454.3 22 5425.9 | +1611 56 16.10 | 0.859 | 10030 | 12634 | +0.47.| —27.3 
MR 2251-178 22'54.36.2 | =1731)52 14.36 | 0.064 3 15 | +0.63 | —23.0 
RXS J22593—5035 225955.9 | —50'32,27 14.17 | 0.096 —24.7 
3C 465.0 23 3858.0 | +2705 02 13.30 | 0.030 2800 7460 —23.0 


RXS J23529+0320 23 53 27.2 | +03 23 26 14.30 | 0.086 —24.3 


SELECTED PULSARS, J2000.0 


Right Declination 


Period P 


Noe Ascension Epoch 
hms ony 7 s 10-}5ss—! MJD i 
B0021—72C 00 23 50.4 | —72 0431.5 | 0.005 756 780 0.0000 | 51600 24.6 
J0034—0534 00 34 21.8 | —05 34 36.6 | 0.001 877 182 0.0000 | 50690 13.8 
J0045—7319 00 45 35.2 | —73 1903.0 | 0.926 275 905 4.4632 | 49144 | 105.4 
J0218+4232 02 18 06.4 | +42 3217.4 | 0.002 323 090 0.0001 | 50864 61.3 
B0329+54 03 32 59.4 | +54 3443.6 | 0.714519 700 2.0483 | 46473 26.8 
J0437—4715 04 37 15.8 | —47 1508.5 | 0.005 757 452 0.0001 | 53019 2.6 
B0450—18 04 52 34.1 | —1759 23.4 | 0.548 939 223 5.7531 | 49289 39.9 
B0531+21 05 34 31.9 | +220052.1 | 0.033 403 347 | 420.95 48743 56.8 
B0540—69 05 40 11.2 | —69 1955.0 | 0.050 567546 | 478.91 52858 | 146.5 
J0613—0200 06 13 44.0 | —02 00 47.2 | 0.003 061 844 0.0000 | 53012 38.8 
B0628—28 06 30 49.5 | —28 3443.1 | 1.244 418 596 7123 46603 34.5 
B0655+64 07 00 37.8 | +641811.2 | 0.195 670 945 0.0007 | 48806 8.8 
J0737—3039 07 3751.2 | —3039 40.7 | 0.022 699 378 0.0017 | 53016 48.9 
J0737—3039 07 37 51.2 | —3039 40.7 | 2.773 460 770 0.892 53016 48.9 
B0736—40 07 38 32.3 | —40 4240.9 | 0.374 919 985 1.6161 | 51700 | 160.8 
B0740—28 07 42 49.1 | —28 22 43.8 | 0.166 762 292 16.821 49326 73.8 
JO751+1807 07 5109.2 | +1807 38.6 | 0.003 478 771 0.0000 | 51800 30.2 
BO818—13 08 20 26.4 | —135055.5 | 1.238 129 544 2.1052 | 48904 40.9 
B0820+02 08 23 09.8 | +0159 12.4 | 0.864 872 805 0.1046 | 49281 23.7) 
B0833—45 08 35 20.6 | —45 10 34.9 | 0.089 328 385 | 125.01 51559 68.0 
B0834+06 08 37 05.6 | +06 1014.6 | 1.273 768 292 6.7992 | 48721 12.9 
B0835—41 08 37 21.3 | —41 3515.0 | 0.751 623 618 3.5393 | 51700 | 147.3 
B0950+08 09 53 09.3 | +0755 35.8 | 0.253 065 165 0.2298 | 46375 3.0 
BO0959—54 10 01 38.0 | —55 07 06.7 | 1.436 582 629 51.396 46800 | 130.3 
J1012+5307 10 12 33.4 | +53 0702.6 | 0.005 255 749 0.0000 | 50700 9.0 
J1022+1001 10 22 58.0 | +1001 52.5 | 0.016 452 930 0.0000 | 53100 10.2 
J1045—4509 10 45 50.2 | —45 0954.1 | 0.007 474 224 0.0000 | 53050 58.2 
B1055—52 1057 58.8 | —52 2656.3 | 0.197 107 608 5.8335 | 43556 30.1 
B1133+16 11 3603.2 | +155104.5 | 1.187 913 066 3.7338 | 46407 4.9 
J1141—6545 11 41 07.0 | —65 45 19.1 | 0.393 897 834 4.2946 | 51370 | 116.0 
J1157—5112 11 5708.2 | —51 1256.1 | 0.043 589 227 0.0001 | 51400 39.7 
B1154—62 1157 15.2 | —62 2450.9 | 0.400 522 048 3.9313 | 46800 | 325.2 
B1237+25 12 39 40.5 | +2453 49.3 | 1.382 449 103 0.9600 | 46531 9.2 
B1240—64 1243 17.2 | —64 23 23.8 | 0.388 480 921 4.5006 | 46800 | 297.2 
B1257+12 13 00 03.0 | +12 4056.7 | 0.006 218 532 0.0001 | 48700 10.2 
B1259—63 13 02 47.7 | —63 5008.7 | 0.047 762 507 2.2765 | 50357 | 146.7 
B1323—58 13 26 58.3 | —58 5929.1 | 0.477 990 867 3.238 47782 | 287.3 
B1323—62 13 2717.4 | —62 2244.6 | 0.529 913 192 18.8787 | 47781 | 318.8 
B1356—60 13 59 58.2 | —60 3808.0 | 0.127 500 777 6.3385 | 43556 | 293.7 
B1426—66 14 30 40.9 | —66 2305.0 | 0.785 440 757 2.7695 | 46800 65.3 
B1449—64 14 53 32.7 | —641315.6 | 0.179 484 754 2.7461 | 46800 71.1 
J1455—3330 1455 48.0 | —33 3046.4 | 0.007 987 205 0.0000 | 50598 13.6 
B1451—68 1456 00.2 | —68 43 39.2 | 0.263 376 815 0.0983 | 46800 8.6 
B1508+55 15 09 25.6 | +55 31 32.3 | 0.739 681 923 4.9982 | 49904 19.6 
J1518+4904 15 1816.8 | +49 0434.3 | 0.040 934 988 0.0000 | 51203 11.6 
B1534+12 15 3710.0 | +115555.6 | 0.037 904 441 0.0024 | 50300 11.6 
B1556—44 1559 41.5 | —44 3846.1 | 0.257 056 098 1.0192 | 46800 56.1 
B1620—26 16 23 38.2 | —26 3153.8 | 0.011 075 751 0.0007 | 48725 62.9 
J1643—1224 16 43 38.2 | —12 2458.7 | 0.004 621 641 0.0000 | 50288 62.4 
B1641—45 16 44 49.3 | —45 5909.5 | 0.455 059 775 20.090 46800 | 478.8 


H80 


Name 


B1642—03 
B1648—42 
J1713+0747 
J1730—2304 
B1727—47 


B1744—24A 
J1748—2446ad 
B1749—28 
B1800—27 
J1804—2717 


B1802—07 
B1818—04 
B1820—11 
B1820—30A 
B1821—24 


B1830—08 
B1831—03 
B1831—00 
B1855-++-09 
B1857—26 


B1859+03 
J1906+0746 
J1911—1114 
B1911—04 
B1913+16 


B1929+10 
B1933+16 
B1937+21 
B1946+35 
B1951+32 


B1953+29 
B1957+20 
B2016+28 
J2019+2425 
J2043+2740 


B2045—16 
J2051—0827 
B2111+46 
J2124—3358 
B2127+11B 


J2145—0750 
B2154+40 
B2217+47 
J2229-+2643 
J2235+1506 


B2303+46 
B2310+42 
J2317+1439 
J2322+2057 


* 


SELECTED PULSARS, J2000.0 


Right 
Ascension 


8 


h m 
16 45 02.0 


1651 48.8 
17 13 49.5 
17 30 21.6 
17 31 42.1 


17 48 02.2 
17 48 04.9 
17D2 98.7 
18 03 31.7 
18 04 21.1 


18 04 49.9 
18 20 52.6 
18 23 40.3 
18 23 40.5 
18 24 32.0 


18 33 40.3 
18 33 41.9 
18 34 17.2 
18 57 36.4 
19 00 47.6 


19 O01 31.8 
19 06 48.7 
19 11 49.3 
19 13 54.2 
19 15 28.0 


L032 1879 
19 35 47.8 
19 39 38.6 
19 48 25.0 
LOIS 282) 


IONS 279 
19 59 36.8 
20 18 03.8 
20 19 31.9 
20 43 43.5 


20 48 35.4 
20 51 07.5 
21 13 24.3 
21 24 43.8 
21 29 58.6 


21 45 50.5 
2157 01.8 
22 19 48.1 
22 29 50.9 
22 35 43.7 


23 05 55.8 
23 13 08.6 
Zu O922 
23 22 22.4 


—03 17 58.3 
—42 46 11 

+07 47 37.5 
—23 04 31.4 
—47 44 34.6 


—24 46 36.9 
—24 46 45 
—28 06 37.3 
—27 12 06 
=P NT SNP 


—07 35 24.7 
—04 27 38.1 
lusty stl 

= 30 213919 
—24 52 11.1 


=08 27 31.2 
—03 39 04.3 
—00 10 53.3 
+09 43 17.2 
—26 00 43.8 


+03 31 05.9 
+07 46 28.6 
—11 14 22.3 
—04 40 47.7 
+16 06 27.4 


+10 59 32.4 
+16 16 40.2 
+21 3459.1 
+35 40 11.1 
+32 52 40.5 


+29 08 43.5 
+20 48 15.1 
+28 39 54.2 
+24 25 15.3 
+27 40 56 


—16 16 43.0 
—08 27 37.8 
+46 44 08.7 
—33 58 44.7 
+12 10 00.3 


—07 50 18.4 
+40 17 45.9 
+47 54 53.9 
+26 43 57.8 
+15 06 49.1 


+47 07 45.3 
+42 53 13.0 
+14 39 31.2 
+20 57 02.9 


0.387 689 698 
0.844 080 666 
0.004 570 136 
0.008 122 798 
0.829 828 785 


0.011 563 148 
0.001 395 955 
0.562 557 636 
0.334 415 426 
0.009 343 031 


0.023 100 855 
0.598 075 930 
0.279 828 697 
0.005 440 003 
0.003 054 315 


0.085 284 251 
0.686 704 444 
0.520 954 311 
0.005 362 100 
0.612 209 204 


0.655 450 239 
0.144 071 930 
0.003 625 746 
0.825 935 803 
0.059 029 998 


0.226 517 635 
0.358 738 411 
0.001 557 806 
0.717 311 174 
0.039 531 193 


0.006 133 166 
0.001 607 402 
0.557 953 480 
0.003 934 524 
0.096 130 563 


1.961 572 304 
0.004 508 642 
1.014 684 793 
0.004 931 115 
0.056 133 036 


0.016 052 424 
1.525 265 634 
0.538 468 822 
0.002 977 819 
0.059 767 358 


1.066 371 072 
0.349 433 682 
0.003 445 251 
0.004 808 428 


107153571 
1.7804 
4.812 
0.0000 
0.0000 

163.63 


0.0000 
0.0000 
8.1291 
0.0171 
0.0000 


0.0005 
6.3314 
37 

0.0034 
0.0016 


9.1707 
41.565 
0.0105 
0.0000 
0.2045 


7.459 
20.280 
0.0000 
4.0680 
0.0086 


1.1574 
6.0025 
0.0001 
7.0612 
5.8448 


0.0000 
0.0000 
0.1481 
0.0000 
V27) 


10.958 
0.0000 
0.7146 
0.0000 
0.0095 


0.0000 
3.4326 
2.7652 
0.0000 
0.0002 


0.5691 
0.1124 
0.0000 
0.0000 


“©” indicates pulsar is a member of a binary system 


MJD 
46515 


46800 
52000 
50320 
50939 


48270 
53500 
46483 
50261 
51041 


50337 
46634 
49465 
50319 
49858 


50483 
49698 
49123 
53186 
48891 


50027 
53590 
50458 
46634 
46444 


46523 
46434 
47900 
49449 
49845 


49718 
48196 
46384 
50000 
49773 


46423 
51000 
46614 
53174 
50000 


50800 
49277 
46599 
49718 
49250 


46107 
48241 
49300 
48900 


35.7 
482 
16.0 
9.6 
123.3 


242.2 
235.6 
50.4 
165.5 
24.7 


186.3 
84.4 
428.6 
86.8 
119.8 


4i1 

234.5 
88.6 
133 
38.0 


402.1 
217.8 
31.0 
89.4 
168.8 


sh 
158.5 
71.0 
12958 
45.0 


104.6 
294 
14.2 
17.2 
21.0 


1s 
20.7 
141.3 
4.6 
67.7 


9.0 
70.9 
43.5 
23.0 
18.1 


62.1 
17.3 
21-9 
13.4 


393 
100 


1100 


157 


SELECTED GAMMA RAY SOURCES, J2009.5 


Alternate Right 

Names Name KE sion 

hyjm’ “Gs 

3EG JO010+7309 |2EG JO008+7307 | 00 10 45 
QSO 0208-512 |3EG JO210—5055 | 02 1106 
PKS 0235+164 3EG J0237+1635 | 0239 10 
2CG 135+01 3EG J0241+6103 | 02 42 22 
NGC 1275 Per A 03 20 26 
CTA 26 3EG J0340—0201 03 40 38 
X Per 4U 0352+30 03 55 59 
3EG J0416+3650 |QSO 0415+379 04 16 47 
SCuuis 1H 0414+380 04 18 59 
GRO J0422+32 |Nova Per 1992 04 22 20 
QSO 0420-014 |3EG J0422—0102 | 0423 45 
3C 120 1H 0426+051 04 33 41 
3EG J0433+2908 |EF B0430+2859 04 34 12 
NRAO 190 3EG J0442—0033 | 04 43 07 
PKS 0446+112 3EG J0450+1105 | 04 49 39 
QSO 0458—020 |3EG JO500—0159 | 0501 40 
LMC 3EG J0533—6916 | 05 23 31 
PKS 0528+134 3EG J0530+1323 | 05 31 27 
Crab 3EG J0534+2200 | 05 34 38 
SN 1987A 05 35 24 
QSO 0537—441 |3EG JO540—4402 | 05 39 07 
3EG J0542—0655 |QSO 0539—057 05 42 44 
Geminga 1E 0630+17.8 06 34 28 
PSR B0656+14 |PSR J0659+1414 | 0658 53 
QSO 0827+243 |3EGJ0829+2413 | 08 31 26 
Vela Pulsar 3EG J0834—4511 08 35 39 
4U 0836—429 08 37 45 
Vela X—1 4U 0900—40 09 02 28 
2CG 284—00 3EG J1027—5817 10 27 57 
2CG 288—00 3EG J1048—5840 10 48 56 
PSR B1055—52 =|3EG J1058—5234 10 58 23 
MRK 421 3EG 1104+3809 11 04 58 
NGC 3783 1H 1135—372 11 39 30 
QSO 1156+295 |4C 29.45 12 00 00 
NGC 4151 H 1208+396 12.11 02 
NGC 4388 MCG+02—32—041] 12 26 16 
3@€273 3EG J1229+0210 12 29 36 
3C 279 QSO 1253—055 12 56 42 
Cen A 3EG J1324—4314 13 26 01 
IC 4329A 1H 1345—300 13 49 52 
QSO 1406—076 |3EG J1409—0745 14 09 27 
2CG 311-01 3EG J1410—6147 14 11 37 
NGC 5548 H 1415+253 14 18 26 
H 14264428 RGB J1428+426 14 28 55 
QSO 1424-418 |3EGJ1429—4217 14 29 52 


Declination 


Flux! 


+» |photons em~2s~! 


al onli3: 22 
—50 58 32 
+16 39 01 
+61 06 37 
+41 32 37 


0159123 
+31 04 23 
+36 51 47 
+38 03 09 
+32 55 54 


+01 21 42 
+05 22 09 
+29 09 34 
+00 18 26 
SL 22 33 


—01 58 35 
—69 44 30 
nelle! sve lki! 
+22 11 45 
= OOM So 


—44 05 07 
—06 55 32 
+17 45 43 
+14 13 36 
+24 08 50 


—45 12 36 
—42 56 31 
—40 35 32 
—58 19 07 
—58 43 48 


—52 30 00 
+38 09 31 
—37 47 34 
+29 11 50 
“+392 25 


=p, sya) 
+01 59 50 
—05 50 29 
—43 04 05 
—30 21 24 


—07 54 53 
—62 1403 
+25 05 10 
+42 37 53 
—42 26 30 


5.68x 1077 
2.06x 10~® 
8.0 x 10-7 
1.06x 10-° 
6.44x 10-3 


1.19x 10-° 
8.72x 10-3 
1.28x 10-7 
2.81x 10-4 
9.00x 10-4 


5.0 x 1077 
2.64x 10-4 
2.15x 10-7 
8.40x 1077 
2.28x 10-7 


Bal Texel One) 


6.60x 10-° 
6.91x 10° 
6.50x 10-7 


2.90x 10-7 
6.65x 10-7 
6.14x 10-° 
41 x10°8 
2.59x 10-7 


1.86x 10-> 
6.21x 10-3 
8.23x 10-3 
8.77x 10-7 
5.97x 10-7 


6.95x 1077 
1.70x 10-7 
3.86x 10-4 
2.29 x 10-° 
2.33x 10-° 


6.35x 10-4 
3.0 x 107 
28 3% 10° 


5.98x 10-4 


TASK 107° 
9.05x 10-7 
BIS x1 0a 
2.04x 107}! 
2.95x 10-7 


Flux Error 


photons em~s~! 


8.2 x 10-8 
9.00x 10-8 
2x 10m 
SS8ix 102 
1.43x 1073 


2.20x 1077 
1.28x 1073 
2.60x 10-8 
4.90x 107-5 
3.10x 10-4 


Leh Slr? 
3.80x 10-5 
3.3 x10°8 
1D SOY 
3.5 x 10-8 


9.3 x 108 


4.80x 1077 
DT ix 10m! 
1.40x 10-3 


A so KOr 
1.95x 1077 
3.80x 1077 
1.4 x 10-8 
6.2 x 1078 


3.00x 1077 
1.71x 1075 
3.42x 10> 
8.6 x 1078 
8.7 x 1078 


9.10x 1078 


1.38x 10-4 
5.48x 10-7 
3.50x 10-8 


5.80x 10-5 
5 ox ORY 
4 Aix 1077 


3.70x 10-5 


1.20x 1077 
1.34x 1077 
7.40x 10> 
3 5ix 1052 
7.4 x 10-8 


0.85 


100 
>100 
30 
>100 
>100 


30 
0.04 
0.04 

>100 
>100 


100 

>100 
0.05 

>100 
0.07 


0.05 
>100 
>100 

1.0 

0.05 


>30 
>100 
0.05 
>280000 
>100 


line? 


1000 


2000 


2000 


0.15 


DHA GLH LHL LL COLL Gera OMrmoOSe ZAWLOGAe CLlOLL NOL SOC OeEaLL ES 


H82 


SELECTED GAMMA RAY SOURCES, J2009.5 


Alternate 
Name 
Name 
SN 1006 H 1506—42 
PSR 1509—58 
XTE J1550—564 |V381 Nor 
QSO 1611+343 |3EGJ1614+3424 


HESS J1614—518 


HESS J1616—508 
QSO 1622—253 
PKS 1622—297 
HESS J1632—478 
4U 1630—47 


QSO 1633+382 
HESS J1640—465 
MRK 501 

Her X-1 

OAO 1657—415 


GX 339—4 

4U 1700-377 
PSR B1706—44 
G 347.3—0.:5 
GX 1+4 


QSO 1730—130 
1E 1740.7—2942 
Galactic Center 
IGR J17464—3213 
3EG J1746—2851 


2CG 359—00 
GRO J1753+57 
3EG J1800—3955 
GRS 1758—258 
2CG 006—00 


HESS J1804—216 
3EG J1806—5005 
HESS J1813—178 
M 1812—12 

HESS J1825—137 


GS 1826—24 
3EG J1832—2110 
HESS J1834—087 
HESS J1837—069 
3C 390.3 


GRS 1915+105 
QSO 1933—400 
QSO 1936—155 
NGC 6814 

PSR B1951+32 


3EG J1626—2519 
3EG J1625—2955 


3EG J1635+3813 


H 16524398 
4U 1656+35 
H 1657—415 


1H 1659—487 
V884 Sco 

3EG J1710—4439 
RX J1713.7—3946 
4U 1728-24 


3EG J1733—1313 
Great Annihilator 
3EG J1746—2851 
H 1743—32 

2EG J1746—2852 


2EG J1747—3039 


PMN J1802—3940 
INTEGRAL1 79 
3EG J1800—2338 


PMN J1808—5011 
IGR J18135—1751 
4U 1812-12 


PKS 1830—21 


1H 1858+797 


Nova Aql 1992 
3EG J1935—4022 
8EG J1937—1529 
QSO 1939-104 
PSR J1952+3252 


Right 
Ascension 


heim 4s 
15 02 58 
15 14 40 
15 51 43 
16 1401 
16 15 03 


16 17 07 
16 26 22 
16 26 43 
16 32 52 
16 34 42 


16 35 34 
16 41 25 
16 54 11 
16 58 11 
17 01 27 


17 03 33 
17 04 35 
17 10 41 
17 14 13 
32) 31) 


17 33 34 
17 44 38 
17 45 09 
17 45 39 
17 46 38 


17 48 24 
E731 50 
18 O1 32 
18 01 47 
18 01 56 


18 05 05 
18 06 53 
18 14 00 
18 15 44 
18 26 34 


18 30 03 
18 32 58 
18 35 17 
18 38 09 
18 41 34 


19 15 38 
1937 55 
19 38 24 
19 43 11 
19 53 19 


thew ate 


—41 56 12 
—59 10 30 
—56 30 17 
+34 11 11 
—51 50 36 


+5055 23 
29 28 92 
— 22 Ol 
—47 17 23 
—47 24 49 


+38 06 39 
—46 32 52 
+39 44 41 
oo I38 
—41 41 11 


—48 48 10 
—37 51 24 
—44 31 42 
—39 46 22 
—24 45 07 


—13 05 10 
—29 43 39 
—28 44 32 
—32 13 48 
—28 51 46 


—30 39 46 
+57 10 40 
—39 55 46 
—25 44 35 
232 35 


—21 41 56 
—50 05 55 
—175045 
—12 04 47 
—13 45 14 


—24 47 35 
~21 1020 
—08 45 07 
—06 56 29 
+79 46 11 


+10 57 47 
= 3915602 
152805 
—10 17 49 
+32 54 18 


Declination 


= 
photons cm~~“s 


-1 
4.60x 10-2 
9.41x 10-4 
3.02x 10~? 
4.06x 10-7 
5.78x 107! 


4.33x 107! 
4.34x 10-7 
1.70x 10> 
2.87x 1071! 
7.68x 10° 


9.6 x 1077 
2.09x 107}! 
8.10x 10-12 


7.83 x 10-3 


9.81x 10-7 
2.13% 107 
1.30x 10-° 
535x100” 
5.31x 10-3 


DG Dx Oa! 
1.73x 10-2 
1.20x 10-5 
6.93x 10-3 
1.11x 10-° 


4.09x 1077 
5.80x 10-4 
8.50x 10-7 
8.23x 10-3 
7.00x 10-7 


5.32x 10-4 
6.21x 10-7 
14 x00! 
4.36x 10-3 
3.94x 1071! 


1.00x 10~? 
2.10x 10-7 
1.87x 10-" 
3.04x 107! 
2.68x 10-4 


8.00x 10-7 
2.04x 10-7 
5.50x 1077 
3.19x 10-4 
1.60x 1077 


Flux Error 


photons cm72s~ 
0 

4.80x 10> 
6.84x 107° 
7.70x 10-8 


I 5 


x 1On2 
x 10-8 
sell 
53x 105 ¢ 
5.18x 10> 


8 x108 
2 ix 107 2 
1.40x 10~!2 


5.13x 107> 


8.20x 10-7 
513% low 
1.20x 1077 
9 ix t0ne 
3.42x 10-5 


Aes Ons 
1.70x 10-3 
7 mex 10-7 
3.42x 10-5 
9.4 x 10-8 


81x 1005 
1.00x 10~4 
2.02% 10 
6.84x 10-5 
OW x 10m 


2:0 10m 
1.97x 1077 
‘gle Soil@iete 
ox 10 
ZOE N0n 


5.13x 10-> 
44 x 10-8 
20) x 10-4 
1.6 x 10/2 
3.90x 10-5 


49 x 1078 
1.86x 1077 
8.30x 107-5 
DAs 108 


MeV 


> 1700000 
0.05 
0.04 
100 
>200000 


>200000 

>100 

>100 

>200000 
0.04 


>100 
>200000 
>300000 
0.03 
0.04 


0.01 
0.04 

50 

> 1800000 
0.04 


>100 
0.04 

>100 
0.04 

>100 


>100 
0.75 

>100 
0.04 

>100 


>200000 

> 100 

> 200000 
0.04 

> 200000 


0.04 
>100 
>200000 
> 200000 
0.05 


0.02 
>100 
>100 

0.05 
>100 


0.1 


0.06 


10000 


0.1 


0.1 


0.1 
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SELECTED GAMMA RAY SOURCES, J2009.5 


Alternate 


Name None 
Cyg X-1 4U 1956+35 
1ES 1959+650 QSO B1959+650 
2CG 078+01 3EG J2020+4017 
2CG 075+00 3EG J2021+3716 
QSO 2022—077 |3EG J2025—0744 
TEV J2032+4130 
TEV J20324+4130 
Cyg X-3 
3C 454.3 3EG J2254+1601 
Cas A 1H 2321+585 


LES 2344+514 


QSO B2344+514 


Right 

Ascension 

bi my ¢s 
19 58 42 
20 00 05 
20 21 20 
20 21 33 
20 26 11 


20 32 20 


20 32 27 
20 32 47 
22 54 25 
23 23 38 


23 47 33 


Declination} Flux! Flux Error 


1 


i Whe 


+35 13 34 
+65 10 30 
+40 19 49 
+37 18 02 
—07 33 30 


+41 31 57 
+41 32 27 
+40 59 34 
+16 10 50 
+58 51 44 


+51 45 27 


photons cm~2s~ 


6.64x 10-4 
3.50x 1071! 
bs NO 
8.23x 10-7 
DB4x Ne! 


4.5 x 10~'3 
S28) 3x lO 
Sexe Ome 
1.40x 10-7 
2.80x 10+ 


NO OP 


Notes to Table 


photons cm 2571 


7.40x 10~> 
AL xc ile 
Sigiexe Om 
UD Oe 
BO mal Ome 


x IO 
x 10-8 
ORxal Ome 
Ds iOr® 
6.60x 1075 


© se IO 


FS 
oul 


E jow is specified, the flux is the peak observed flux. 


been recorded. 


w 


Galaxy 
Pulsar 
Quasar 


Transient 
Unknown 


Ee AO 


Supernova Remnant 


For SN1987A, flux is only for single observed spectral line. 


0.75 

> 1000000 
>100 
>100 
>100 


> 1000000 
> 1000000 
>100 
100 

0.04 


>350000 


integrated flux over the specified energy range if one is given; if only 


‘>’ indicates a lower limit energy value; no upper energy limit has 


10000 
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Explanatory notes 
TINE oS ie etre. stars Ce tase SOE dns Nee eo oleae anil Oa mae J2 


Beginning with the 1997 edition of The Astronomical Almanac, observatories in the Gen- 
eral List are alphabetical first by country and then by observatory name within the country. If 
you do not know the country of an observatory, you can find it in the Index List. Taking Ebro 
Observatory as an example, the Index List refers you to Spain where Ebro is listed. 

Observatories in England, Northern Ireland, Scotland and Wales will be found under 
United Kingdom. Observatories in the United States will be found under the appropriate state, 
under United States of America (USA). Thus, the W.M. Keck Observatory is under USA, 
Hawaii. In the Index List it is listed under Keck, W.M. and W.M. Keck, with referrals to 
Hawaii (USA) in the General List. 

The “Location” column in the General List gives the city or town associated with the 
observatory, sometimes with the name of the mountain on which the observatory is actually 
located. Since some institutions have observatories located outside of their native countries, the 
“Location” column indicates the locale of the observatory, but not necessarily the ownership 
by that country. In the “Observatory Name” column of the General List, observatories with 
radio instruments, infrared instruments, or laser instruments are designated with an ‘R’, ‘I’, or 
‘L’, respectively. 

Finally, readers interested in only a subset of the observatories—for example, those from 
a certain country (or few countries) or those with radio (or infrared or laser) instruments—may 
wish to use the new Observatory Search feature on The Astronomical Almanac Online (see 
below). 


This symbol indicates that these data or auxiliary material 
Ww may also be found on The Astronomical Almanac Online 
at http://asa.usno.navy.mil and http://asa.hmnao.com 
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INDEX LIST 

Observatory Name Location Observatory Name Location 
WA Das ftumanil: erties rope: Saiskaxerae raeeictoseyeinvas rem atarcheeeetelonte Georgia Bucharesta-cenyssceiaetinn teehee eee ne er teaetie acres Romania 
Abrahaoide Moraes: ue smisenaeis ce Ooi eioke st ielatepeutee sets Brazil BuCkne MU MV eErsiby rycen seaielashienarer te Pennsylvania (USA) 
ANGassi7, Staion, Georpelkar nin cenine maar Texas (USA) Byutakam) sett tet ten cete teas toe teenie lela ate Armenia 
AS ilarPGliXs paki tating ie eaeiiGie oes ae eta tismtaeveces Argentina 
taba. OMI OL sc le cree avec nen eae Alabama (USA) CUB. Kennet: Mees: ocr carecetle e b:ee cies std esstian New York (USA) 
NI Retr aye raveretate toe anv atedere ais i eolesns dus Fer cieae aie vea/oiera\t tone eta Algeria (GURSRG Mees irc earn caracae ustaiercih aticictohone een Hawaii (USA) 
ANS onquintt See eadssseet meetaa do. sovetadeisaNs nee aes Canada Gagigall SUMMED 5 Saher aad bila: cee berate etares Venezuela 
Alleghenyierss act’ sate) crass vaseninsh sarge Pennsylvania (USA) © Gasliaviirs-0%..xe- darect ttre eb th aya ae, bate Italy 
AlloraRamoni Maria oe. .0 wwsobive bec.tatmee ae pobayn ee tapas > Spain Caltech Submillimetenia. -oj-c acer canoer ake Hawaii (USA) 
AndersoniMicSaiStatiOMpeces 1, eletist erect srt Arizona (USA) CaimnbridgsesUniversity curt ee eee United Kingdom 
ADslo=Auistralianiten syccrcrrcsn tncsreaecrace cen anise Australia Canada—France—Hawaii Tel. Corp. .............. Hawaii (USA) 
TiKaran Oni ye Ol teem tthe etter te eee Turkey Cantonal f¥ eRe ree ete ee eee Switzerland 
ANIMALES SATRAS Teds to eae. Rr PRaeR as Ee Aa ea ahs eee eee Brazil CapillaiPeaksh. maAaanese.1. oweercrente fae htee New Mexico (USA) 
Apache Pointeety 0.5. Wash kasd ee New Mexico (USA) (Capodimonte Os 7Aa Kc eee EPI SEL Us eee Italy 
ATCCE I iceotvam sobeeets::. Saco Mee de ras ee ee Italy Carlostl), ;Cesco, Station, DG: s-49. aero nee. ccptaes Argentina 
AT CHEDH ONG terrae istere tava dee aie Shavers eres eI Germany Canter oc iv gents Po tases ca ee coy ace 4 AEP E See New Zealand 
INTE CID Otvararrte ernst cones Oise eV Stee ee eT Le Puerto Rico ‘Catalina Staton csr. 3 cise osc siararcjeps al ataleretersapepie's Arizona (USA) 
Argentine Radio Astronomy Institute ................ Argentina CALAN A rs ayopecactetera stare er eraey ease eee in ee wctael Warne stele ah eke Keae Italy 
ARIES(Aryabbatiay er asses cites neice victim ones India Catholic University Ast. Institute .................. Netherlands 
Arizona University, Northern .................. Arizona (USA) Central Inst.;for Barth Physics: . Sis). avis. <b oak Germany 
Armagh ustanry. cod. oe peneves Sete. Sages aget United Kingdom Central Michigan University ................. Michigan (USA) 
TAT OSA ng Bear rch ween ciel oe ope Acudegmebuoaat hie Switzerland GCerroiGalan National setiaie toe uibr ss cereus hes a Chile 
Ni UN GUD DAS ican Ree PIER ROOD OTE POLIO DICE Tennessee (USA) (GerrOFE TR ODE Ae eo tetas stay ars nent tare inate ga eben eet Chile 
Aryabnatta (ARTES) wsieursrccinnyers cenansa crete clowabharare tet India Cero Sila. sacs cataers ieee tle let texe%5, ee ia apron Reha Biaved ke Oa Chile 
NSA SOM ares inset atten ean tices wasn ete setae aa Italy Cemoibas:;Gampanas;.. sky ten eee aie Chile 
Ast. and Astrophysical Institute ...............0....0. Belgium ‘Cerro Pachon #25. 23 Sa RABEL. 26. Seton RPE Aen Chile 
Astronomicaliuatituder.. < victor Nae erate seh oo Poland CemojParanaleostcs ie 2 SPS. PRS Chile 
Auckland sti tay iinase hte sks eckanepanep ated des New Zealand Cetro, San Cristobal <aqan:8ht. 8 tienes Jochen ss tet «plexi Chile 
Australia’ Tel: National Facility 0.0... 005... .5ees ee Australia CemovTololo Inter-American |, .-1n ><a «ais siaistes tamrten Chile 
Australian NA Onal es, cerca tele eer cate eit tosise Oe rire as Australia Cesco) Station Dr CanlosiUiaccmyeltateiae eer Argentina 

CEH elescope Corps sects eee Hawaii (USA) 
BappwsnValnulers erro raparaetuceractr ee memran rrr iees India Chabot Space & Science Center .............. California (USA) 
BatrossProte Manielidem arses scenes rhe or tete eee Portugal @hamberlingy..= certs antic saci sere eras Colorado (USA) 
Basle Umiva Ast Un stitute wenrvtytiaraoliieteyter arabe Switzerland CMBORIS Derarscsyscs cistarsuerahsisicl aove/4; eect apeRINT ctor factors Italy 
BORON ears ce tae en ee ie chs Scere Ate Nebraska (USA) Charles Unive Ast Institute”2....4 cocci eee Czech Republic 
Beijing (Branch) ieee, caterawnigestsiete niatstnr sleet iors ye sieve as China Chews RIGgO 4) rent. ais. Aero ncniee eemeees take California (USA) 
Bejing Normal Wniversityenges stan trek tle eerie China Chilboltone cacacamurnensiitiaase eerie United Kingdom 
BG] Or ae rrgecocg arate seas ocrsonly ctofetattaalere afalatensr ea veut IGE Yugoslavia Cincinnat Tange eas: sacitap sone eraaat as tees Ohio (USA) 
BeLOSTAACHIRS 5 seajanstetstesacaserarava'y Auyevnomnraie scaticelete anisbeiayacavats Bulgaria CHEV Ee cakes ne etnies one eniiavee sa ane ics United Kingdom 
BESANCOMtsiy crap cncismaaalcet aiceele ene sealed re ae France Clay, GentersTber wa etatitactac teeta Massachusetts (USA) 
Bialkow Staton iit otis nicinia petite eistecs hia alee aces Poland G@limenihia gare sicrrae cat rtporsretiaseionyoat Or ee eee Canada 
BisiBe an. hostasacia teas ce ey ata anen agate California (USA) Cluj=Napocaimiomntencassicnineiuureenten saunas Romania 
BlackoMoshannon esjniensteniectersre woes iter Pennsylvania (USA) Clyde; Wr Lombaughivensr.cera-ce tiie teutes enee Kansas (USA) 
BlucwMesa Statoneaw ntact. cere tee New Mexico (USA) CONMDEa 507g rnscrstesatesnteloiersi visa talacainoeec arrestee Portugal 
BOCIUM Syria enchisaertneaeeoteiidecastecaoonenleeat ote Germany Comte rracas scanner ae cei sere tee ee fetes Belgium 
BONVUNSAN Aecrsr oie quuuro mrtotes omercaloe omen eeneerae Korea Coit ndson By era spvesntesisse net avennie Massachusetts (USA) 
Bologna niversityi (Branch) ateaiieet sence heels Italy Collamang a: ca ctsfarerervaives se seetorve ate esse wane eerie eae Tee Italy 
Bordeaws University araswpenesvauticenuaitea ander ntacte se France Connecticut State Univ., Western ........... Connecticut (USA) 
Bosscha seacayactrstuns se stutaeceran: evntern eenenters at conr le Indonesia Copenhagen University anmauiae aranioe tea enente tee Denmark 
Boyden 0. eck conten cette tooo tee eee aN South Africa Gopemicus, Nicholas")... RRM. 22. gare ncees Czech Republic 
Bradley: joiwte-aiiess.ctvisie.., SAMA ee Georgia (USA) COTO a RTP ING AID oso voor secon GW Argentina 
Brera-Milan acai... ee met eee een Italy Corralitos ee te ee New Mexico (USA) 
Brevard Community College ..................5 Florida (USA) Chote dA ZUE Sistas pensioner are tae on aeons aera eee France 
BLOOKSER Si tiation earn ee etn Michigan (USA) Grane, Zens incu eens ery nica eee ee Kansas (USA) 
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INDEX LIST 
Observatory Name Location Observatory Name Location 
(Crew tomell sll oo spandopaoneny aden any 6550 New Jersey (USA) GerniniSouth yee, sityceiacoasvas sees aota ee ee Chile 
@MMeaneRe pe ues aio enorme ates bee Ukraine Gene a cen meme ncenia Gia rare aaiite pee oe eae Switzerland 
Geodeticall Faculty cresata.. -fekien nie ie eae eee Croatia 
| DESC Coty 4.5 ot Be en eT Eee Korea George R#A gassiz Station! fe A. esis scion MORE Texas (USA) 
Daliie cuitaimipeniteieee he ak Keri sciceoescnennepehabteoetvas Italy George; RaWallace Ut were iiieaientes Massachusetts (USA) 
JBEN) @ SL a)" 0 Sct See eee re aE eee North Carolina (USA) George Wise, mlorencerand| 22. acieee tection eee Israel 
avid Dunlap Wee ree asics seve eazowtordsetseanericcs Ree Canada German'SpanishiAsts, Centety.rys:.01inic1-14- eee eee Spain 
PATHOL selec acasied cook We eee ee Illinois (USA) GlasgowaUniws Ofy Nieiuaenvoccuucnceoauoe wien United Kingdom 
DEEP YS PaceiS tation bi,.1-.-;.--140 PERE oe ee Australia Goddard Space Flight Center ................. Maryland (USA) 
MCE DIS Pace: Staton yess ssicexevtnejsrafetergesesieiciosesereyeia, 2 ae Spain (Glo Oo S510 oc SoC REA U Ee een OE aT ce United Kingdom 
DEVON see nayaa tis boa. scocisargosieens caaayasyoe! sels ME Canada (Goethe bin Kame Py peeves 3. 5 Sosorcsdtoiay raters cia Indiana (USA) 
DickaMountamiSation, -.<..2.scsene < cect omer Colorado (USA) GoldstonetGom plex ce ity- esse aie sjonresiarsisrscyseree California (USA) 
[Diora bite aR AO Gor nc tor Meet AREA ohio a tn. o0 fous fe Japan Gornergrat/North and South ............ 4. danse eee Switzerland 
MESTARLE NE OTD BEEP yy cay exe day cv np bh Snes Soap SLRS Taek SNS Canada GotingentWniversity, ..,.:.1,..:1-. eee eee eee Germany 
DIGarlostWyCescoiStan aucun steric Aiesaw eke tenets Argentina GrantOKGalemensat Wesco <sccanss acoso renee Towa (USA) 
JDO Ey sy. | DE Naval renme nee cere recta onic tesrmieee eto Urioae Canada Graz a nin g Of, sd coteeisietd oc derdioels Reet Austria 
MSEATE SLUR eee Folate oe fois sancach diye chctens ogstersiesnorekesalenasoveanceuser eae Ireland GrenObles ws ness daickis: sacpaistsieiosloias Wena eee eee ee France 
DD Win SElOOR Aa Seah ns naocuserpetaicieitila hominis RO Netherlands (Gsilii (Eke Concnem CODON SCOR ROTOR ROaO Ta: ooh California (USA) 
POV ery Artal etc crctomtexgceciaseusyoraserase serach Tennessee (USA) GSEC Opticaliest Site: Watwadswes «one emer Maryland (USA) 
Gillermo sara peyerc. sy nscesmocesyecausegite ae ee eee Mexico 
SEO 9 Mert sss iar 2.oy oS avalensi tic oral acai er alote eee RE Spain Gnimshikhary ass oscaie algo. ctely ses ots tah selec India 
13he OLIN ESIN2Y cone ODES COMET OOOO UA Oe OTe ORO 5 2 Turkey 
HUIS LE TTAL OW CT eee avy sive onan asl apesafayes stadt rete h slat erase res Germany Al C AKAM Ae ofesjacerscsloneseue-o ree me apenas eae ee Hawaii (USA) 
EliBeoneito, Ast: Complexe -joca:-:-njseretes svatrsi atts orators Argentina PR QTADUT Byes ssers asacetalsiarpieseiaisca, cea See ee ee Germany 
ISIN FE ARITA sey nics yssaicueserero¥ece.sunpsierG nie 0,0 05s MAIN Canada Blardilcabor Creeks ci sctsmxoniocayo cn cusroorcreranc a Georgia (USA) 
Sai red and tae also) coda coi chert ova apataeiclmpanctain! voce .acoie RYO eT Russia AARON Guillem o.oo rates o,crevaasan cen cere See eee GR ee eee Mexico 
[2h ani tel NA RIG) apa eR SOO PCS Mat er eee crn s = Iowa (USA) lartebse ShOe key Vlconeivseayass,cicxciausieio resis ieee eee South Africa 
European Incoherent Scatter Facility .................. Finland Hartutie—Boothroyd) ce eee ose ecm clei cle see New York (USA) 
European Incoherent Scatter Facility .................. Norway Harvard—Smith. Ctr. for Astrophys. ...... Massachusetts (USA) 
European Incoherent Scatter Facility ................4. Sweden PAGE TCO KA ceeehay arn cousin larxouone canazn eeioo RO California (USA) 
TOPE AILS OUERETI a ays a-csarel a) ta iaieicrele @ niiviti nope nnn eee Chile Fiaute=PxOvence ODS OF se .o.-i-ceicgeisveuesarcsoersioroiss sine ee France 
ay stackg Senay sansa sosatsasts asa Massachusetts (USA) 
Peat MOU RATA Stati OM apo pass seve priecesae sn einieieyendnvacare Virginia (USA) ete bere yy cic cise wucmmrroe aie Gleieveecmveiuakcine ae Germany 
CUBXD AG UL AP csp yoc toe icenaue a eee Te else rexearse se oie Rueseieysies AE Argentina HEL Ophy sical BAS ies csc: siciarcisicissele asisisisias sven om Se Hungary 
EH BAIR etal ar day oxsesiesdiacoios ohrrasdlnaietsi ater iore a Georgia (USA) Hetsinkd (UNIV, Of) onwuveuounecumaonecetieeeeare uae Finland 
ACK SEEWATRAW eho yo ces cic savesnicove sos eioys) sh sheave operant ts SOR Iowa (USA) TG 09 DN wh epee cv lends aaa extb anes oes eax Sua eacseaseayaey eens Roe ee Egypt 
EGU MLA TM iennysnssecsicronexs foxenke fevesarelbps{aseue so RPM ecw APU Austria EAS CAME pap atanctet ta ead Shs doctchessharsusagancgchhodeconneote seem uss sustcvaea eRe Japan 
EZR AHGOIP DS spas evsyew crepes lo nye teense eas asic ees New Jersey (USA) EHS HVAT DING io uss cave oteccinuene icra sip i eroeouomet eiedoies Switzerland 
IVECO Caio gape gos wxstnus posers veka bnoraraaskaastoxvexs Massachusetts (USA) FraisoiSolar Terr RSch: |Centeny sc .jacsuaaereci-)s/n ieee Japan 
FEC UTS WORF oases bio eka rave Lays tenes delovensiakesedapsysterolote bom che Australia HIGH SL THiSt yA con sxcusko syercicastorerahomieiohsvercens Wee Germany 
Florence and! George WASE) oc isi. s:5 vista 0:3 «ss hates Israel OPKINS eect cremepiminay esta omar er Massachusetts (USA) 
LOMA AOMUIN OL, ayer erorereis) ater acarsteso)e)"ierare sh sinieyeVerasaraets Florida (USA) UG eatin = 5 acts can Aco wssaiantissire isl aati ata eda ee Croatia 
Bowe tianidi COOK terse: 0 ties poreieisioerssnrsecaie Pennsylvania (USA) Ey Gro stapbic: yess cine ass cee eet saw capa ememeneens Japan 
ioenstet, WAIMGlI Ee cec sears aerrnmpiansceniels sry entero Germany 
HOLES Kalai S tathon Hass stele te i erevvss ois, roreiniecnine Pete Poland Incoherent Scatter Bacilityy: 2 unwise saye sissies ieis alee: Greenland 
GSC TRIN NAIA Sefer ye sand (etre maa bye rss oresacatcrens) Mer eT Chile Incoherent Scatter Facility, European .................5 Finland 
rankimins tate, They, a aaicts salalerongnnaiers Pennsylvania (USA) Incoherent Scatter Facility, European .................. Norway 
EE AEA Baap esos scissains «ah osaras opie Ub laataxalclelale Arizona (USA) Incoherent Scatter Facility, European ................+. Sweden 
BrredrichiSchiller University, .)\<)-:0/0/0:seseievese wale beeen s Germany NAT aa Aeeceey SAN seh a ocak eas ese iok ane or sccrancncteah corsa dooce eA Se India 
EU ESANS SUA ON 5.0070, ccarnarelbialn ofetete erent reue tes arteries ete Japan Inasistite Of Astrophysics... ..s.i-enep mainte eres Tadzhikistan 
MMSCUULE LOLI GCODESY ag a nesan nase oaivaletiaers ne clerann ec Nees Germany 
GATOR LANE O's, 6 cic cssesosecsyaisnestenasyavdenssrscatercinar sive Iowa (USA) Instinte of Radio Astronomy? s<...<45;510:6 «5105 «ire esorsie sve = Ukraine 
GFA DAT T ESIC AUR ULGSMER orcue exe decocsa ch ay oy oyovovogs Las abeheforausndso Wioke role ier@laratt sve India Institute of Solar Research (IRSOL) ............... Switzerland 
GersiniiNordh wee, sis iesnccisneie earn Qe tells NO Se Hawaii (USA) Entervpatrotial Latitude oo:5, <c0re.6)esceveaycoeinrmerticinialn MM cee Italy 


J4 OBSERVATORIES, 2009 


INDEX LIST 

Observatory Name Location Observatory Name Location 
Tow aeWniv: OF 2 .<cneiacesiione Ona earenEbe ae Iowa (USA) Tee arnidete McC oti Ch sara cavarosceenousnasavereeorerorsnaversvoveneecne Virginia (USA) 
NK US Ka teat cams cee re rceresnr trek -paprccmenek ed Russia serenity sae op ale vara hese a sess ash een Netherlands 
IRSOL (Institute of Solar Research) ..............- Switzerland Wweideni(Branch)) 22ic.t1 seer oeann eee eae South Africa 
TotantbulUMiversity, 5 occieeswieiess.ssors wise Nabainte ite te athe Turkey IROUSCHIGE «tains cota ceatera ere aren ay earns east California (USA) 
ta PO tin SANIT PE Nos ocseinie are otoe + arate tare ee eee Brazil HOLS erie oii won ttinauactie teairoectoes California (USA) 

Wein Goethe) AIIM. stocscracscorsxcnuncerrncrovsennsouetorconne Indiana (USA) 
Dagellonian University saree -to)etvieisss rtetetnch trae ate eet Poland BAST. 5 sr sporotersie oF cotare\ si carsazevereuctoknejaietaierat sivta atecscereietee ee Portugal 
Wap al Rane anu cvs wciora stereo scuvervnoie eck eRe Eee India BVA G: PeLERALO 6c rare. s oral 36 Sisto; sais cls srayot optatese ar miarei nes Venezuela 
MANAUS CAC ODP yet foros. e254 eicsatersicincis Tees fA Foxe Sweden PMai(Garge Mallimeter, Telescope) .y.1.s1s1-)-re oto ebelee terete Mexico 
elma Noun tas) wiatersyicrsscxecersy ste e eiovereiaye wre teserstoree- Wyoming (USA) ECR NEINANIN RP es PA oy yee otc cforsyyol sia ioy ts ahah anno NR Germany 
IeriRU EEN <) 400 SE RAMBO LOO TOOOUSOE ECS COC UDCUT United Kingdom IOIDICKy:Stity Aber aw. Tk LANES: .< aae ence e a ee Slovakia 
TORI IVEC Canty. svete a sn larecssuicusvia ie ueseeiestiene Connecticut (USA) Bondons Waive Of fins chccanss een cenit United Kingdom 
JointsAstronomy Centte mes cae. te we cee ae Hawaii (USA) WO SUMIGHIOS 2.2.6 Sesetnse aus. a5e ) ati nsers/prccteoral a tray eue ee eee Uruguay 
Joint Obs. for Cometary Research ......... New Mexico (USA) Bow elligsttvaaaacciadneeonesaeeteno at eaaeee Arizona (USA) 
FUPSOHIB RC OM ais scayei ose. elovessiaie ero touniss snares Massachusetts (USA) RN ES Leases RINE cE ie laa  rocgvanncrels sated Sch eA Sweden 
Mure FOC Diy are caret seevercrersrartiers, alanstetaaia s oxaleerslocerae aie Switzerland 110°) Ee A Re cre ane Meine emer ew Hawaii (USA) 

PENIS ENT SU eR oases coe spt vniars Yavexclon hexensyencgrey Racexeyetohossscy cee Austria 
Kagoshima Space @emter sais, :ssteictotetave: <seserreicts)oserorovoneteneaeratere Japan ESVOVAUDIVEISIVY iors iene ec rem nee Pre k eat tee Ukraine 
Kaliningrad Miniversity, 20s cicie00 «+1. «vise ttet abcess Russia EV OMIWNIVELSIOV IM. et. (ister i slates a wigan ance RO France 
Rscath CUMIN Festa owe fe Sater es was nove ss steda hacen. 1onss1p EOS Turkey 
IK ATIZEINONEs 1.35 Sie 's Ao atelenae Sie aaaiate- «nyse ras Austria Maclean ht saat See OOo e a-ha Savedes Suntan melee Nevada (USA) 
GIN EAN  Pamee eee cee ae (OM DOT aaM emer on Cecn CUE Netherlands PYM etd At a Kah ease acts caretin ctw eyesa cto st aligecaves orepatatin eer Uzbekistan 
avd SCH WAPZSCHIUG seclen so eictaiatexsncvicinssieicinars ipa eT Germany EATEN oc niy-o a wiewicioae Caw o mia ane eS Ukraine 
Kashimaispace Research Genter oy. cieeiele siete n'e\e ole #ueletetgeete Japan INA AUDIESH eases savcccrrasscvereretetes ocrsyereverexeios NGC te AAA SEE Chile 
AZM MU RIVE LSI OY revels yetancee saaaeare oastorsvanagsosvehiie ngage: SPOUT Roe Russia Nianastash. Rid geri ris joteiaisscsansehsatoverss term evo wicca Washington (USA) 
Ire) SAW AI CSc ak Ree CR Rta AC CEE e A MEE Bees Hawaii (USA) Mant ame isis cave aenivsnon ger ane cence eee Philippine Islands 
KennetyMees.\C: Bitiieiecicisc decease nit eernere New York (USA) NEAR O PAVE ANS ieee os eis csayeie rai osacci ose oices bela nero voy eee IS ae India 
WH APKOWAWIVENSIEY sc se:sis sshetayole s wisres ose avorsrc.crs see en UNCER Ukraine Manuelide Barros; (Prof. ...:,:. ose. See RRS Portugal 
Keley Wnkversity aarti: Gace ait ethene eat thd cleretiaters Ukraine Manuel Bosten cate ch aiec rie cute IA he RIOR RE ee SI Chile 
ASO PP Paces sa,sscansvata iovaaahotoranpuevivstoteve we aeeavemitetindioe ARMED Japan MoariamMitchelliiy:. <.0..4.'.... 2 eae Massachusetts (USA) 
IitiPeaks National co sperensjaqecrissarsrsicvatetersrtte ere Arizona (USA) Many land Roimtt rs s6 vee cdasasennerwerncs it Maryland (USA) 
Site AS tations conduc aseieredaweswauescons Arizona (USA) Maryland atniv: Ofsctie <ctMs o ol asnroscareee es Maryland (USA) 
modaikanial) .. Bacsautasseth vis vesare svsvsveseRicusvanssavevei suerdeomversia epee India INTAUIC AY 6 losis ci ade e iad Keane ance a ee Hawaii (USA) 
MSOraL Stun] | eee aedopeiny Bossy esoyemayetecesesovaeneverdsjonn «calmsccoeitee Germany MGR Oa) ccedceickic anes chepmeneseicmeeteats Hawaii (USA) 
TORO Var eisivsercsavyehertbosuiee Se a ARTI eae Raciie TO Hungary Mast Plan chairs titiite site: xo. acceccocumesinetetccatnce tone Germany 
UO ge 29 e F earn CAROTID A TUTE ATE CECT Korea MicCantheysobny Dis <oeisie wecsre sj aeiancerem eater Connecticut (USA) 
LGHGI NEN ota tcc: Jc OA mnCOn Cerra DEC OCOR RTO En eT ert Egypt MiG@ormick, Lean dete .scciprsemrsieisyeteovenncmuten Virginia (USA) 
MY GNENON 4. 1 yunmeninecy smeeae ecient autemc tenes Greece MSDOn ag RY <5:cu micmrscaacnnnnnntecnsccmaicesd Texas (USA) 
ISA E ETB tsp eis taco testers scvava cere cake dexe a ee ae ee Austria MCG raw LG ocinctrcnsinneioncimotteermane Arizona (USA) 
Nu izfown UNIV eLSIOY) cise -teleicscyevetelers aiel<sciinis Pennsylvania (USA) IRC OUOT AAP ie toieis co ce 6 ww ris csre cies cehaswsacacgew rasa alt Ia ORL Italy 
IBSSVISEA DELS Repent Alaa sitsceroycYotsarnensinletaniyeqsuctemandfenenvinsassaucnins Sweden Nees GB GRennetD ics. siccecsse ina cermiere eee ae New York (USA) 
Sy AS AAA Porch ry vhs sc casey rchse chy ake ak sh ran Abel ehakando ode c1tO RN Japan WY iOS (CAC < he ee en Aen Hawaii (USA) 
By OOSUNIVELSHY 5 5 vies scien niers visi 5 0 winners teraiaeeere eae! Japan Me leomiMe moral. 6.:<' asciccsie cseaekrnr South Carolina (USA) 

IMIGISANOVI so taiy coro steotaisene hen aeen owas von ote Finland 
DOMES UNS, F a vasa aisharercnionrsigsssatearqinseicidie ae ERE 5 a ene Austria MGUGON ice. cis. vicitin stent cig ne vn vinialcieate tes aa) Re France 
LaiMariquita Mountain) ..... Weluaeretie. tes a entuanamn ae Mexico Me yet Wome: 5:5 cuca as akenase eee ai ter Colorado (USA) 
LaiPlata |. acs awl ipiniaie, MeN Gere Aone Argentina Michigan State University ...................- Michigan (USA) 
ea Silla‘ Station Aeierssssssaese Sica ee de eaten eee nele ee Chile Michigan University, Central ................. Michigan (USA) 
MAC Weer sssiicoi cee sah\ouekorarcaisvarsonueL Onur) Rhode Island (USA) Ni ohuizan wU RIV NOL G5 texeisscyivers corona RR o Michigan (USA) 
Large Millimeter Telescope (LMT) .............-00000e Mexico Millimeter Radio Ast, Institute .... .....< c+. 00 «olttietiees France 
east ampanas ice svarcensesevnavscunenes nett eeenemmane Chile Millimeter Radio Ast: Instittes, css ccs uscniaieneeeeee Spain 
Mattei, wcjaac soe ten weiner va Meee ae tae eta Poland DEMSEREWAV Ed a ecunnialaitiuhcarcinoslenrisercn eee Texas (USA) 
Keatviaa SiatelUniversity asu.sacne cdddeetarnrn imine nae Latvia IMS AREER sieves jorcy cna tcuargnssom) ovakant¥el eases edo gaypteasiaes United Kingdom 
Pavsanties Uaivy. Of, ans cactspinns ataciy eo eaNe Switzerland Millstone Hill Atmos. Sci. Fac. .......... Massachusetts (USA) 


OBSERVATORIES, 2009 Jd 


INDEX LIST 

Observatory Name Location Observatory Name Location 
Mi listonerblilRAad aM cucsy.ccsveyermreaseeraercehe Massachusetts (USA) IN ATION ANI orcas avtesarssalrs ars axovaveve aeivciey serenely lacie IN Spain 
INETRVAS OLIVES tati ONRMINE cc. f 1 ereicretesa vere eceen California (USA) National SPs Peete occ 2-ter SR los ee Turkey 
INTL HEL NMiar teen a eo sovccy neta nhc ezuencpovevvsnsnsve Massachusetts (USA) National Central University ........ Taiwan (Republic of China) 
VEIZMSAW ais... enolate recon ieee ORME | ERT: 2 Japan INationali€entreformRadiovApbe «j.jeis-riyornsctrie eee India 
MMT (Multiple—Mirror Telescope) ............. Arizona (USA) Natron al BACLT yp crrerarons¥. aexkesyetouroxsintey onveichsscversrt MERI Australia 
ITOLECAT eevsrcrerst se yx ce Peis CIE Nar tercPencisporsvanciatevoninarenee Lithuania National Obsof Athens) 5 siiersierers sacra crss aces Greece 
A VON Loy eV KOs sae 9 5 = bon eee en Australia National Obs. of Cosmic Physics .................4. Argentina 
IED) TU SEE TOLNNC | SAO NAS Noten ho ee ae ae Ee oR ORES &. Canada INGGIOM Al MAGI O Eyer, oa. nistcapars cileyardiaxe veneer SR Arizona (USA) 
INEGRAGO RIV LATO Tec ov oa chavs ch svar choke vorck Spey & cde sonstcihsa(antrer oe NO Italy National adioyszrrackrtesart «sisciie Sesreene New Mexico (USA) 
IVIORCVAGC.O capstan eens ack neler manele hid dua Uruguay INGO alURAGIO Rese ssrcraccsacy ney ecrxcrrcues West Virginia (USA) 
EO OLEH PM MRA oct cctaisdacyoreusitlotcieveveretsnepsenievores Kentucky (USA) NationallRadio, Australian 205.0 ccaa+sseasa- eee Australia 
Moraes Ab rata Orders joe. scay arse o anarccsvayseassst tact ee, ORION Brazil National Solana ciccoscincocieeroueecees New Mexico (USA) 
Morehead hon Sant eee Aci aenemenns North Carolina (USA) NERC: A tan Ors Son IRE OOGe Ren cen eRe Ee AUETT Cc ric Argentina 
INI OLR SGI» a,c occa ale CARA) OR eee A Missouri (USA) INGyallUPe Aer tits cocci ch cz ess holon cree everest al eteaeerees Spain 
INTOREORS ANCA Ae 4 ava15. tov ossavarveribomiopoeay tnoiersv cis -< Brazil Naval Research Lab. (Branch) ............ West Virginia (USA) 
NTOURUHAT A CAL ZAI aio taxn 5 weed pone NCR TS Me Armenia Naval Research Laboratory ........ District of Columbia (USA) 
VEOUDIORES ARATE IGE ORNs nteh ey ah ators cusyoxcicvovenss sacesxstst sr POET Turkey INVALID So Serta ns 5p sa oe IO District of Columbia (USA) 
MountBigelow Station ............ cu ssemn sees Arizona (USA) NayalsUiSa(Biranch) Brat dttilivs ova ccveveanaocers ees Arizona (USA) 
IVEOTM US OY ALE HOI oes 15 fo 5 coscresecereseae saves sive Mitre NR Korea New Mexico State Univ. (Branch) ......... New Mexico (USA) 
IMO UE Chi ntitgy eats. «sate aco ragon lara roveiey,viese nye sicshe RO Japan NICHOLAS COPemMICus a-iet-cisnr-yetos-\aevarrereieneray- tebe) Czech Republic 
Hiownt Cubai Lie esa ck akc cciiwwnna ac cheek Delaware (USA) INTROT AGW ase eiraortne dtvsve x05 oes suse pooh ays peas ets 100d OS Ukraine 
WEOUITED GAIA Haters scr: 501 hsv 0rcn sta) deter SORIA Tere Japan NiZamia hen Riess stock cigs otitis mrs ren eecspiniearenee Oe India 
IVA URNS RATE ep PaIRe ca roy he asesral tn ge Sivrusia.apsusiinini vs sere Re eI Italy NINODDG IAP eer ona exer es oa scaysyehvs 1m oyeeed aoue Nt eR Japan 
LOUREIEVADS Fyne tee oo. Se ecrere eas tok rs creases Colorado (USA) INOUIK UL ager een aM wd clnce td Aico Sharan eae Japan 
Moutat:Grabann ire fits. ssiaiecuteunis sotto Seen Arizona (USA) INORMSOMMCLS TALBER chase xyorie oe urest ys neah bem eieer Switzerland 
INFoun MEL att Contes re acevo nord ers oe ay oro 5 2 California (USA) INorhiMIbDertys oe aches connkanchwn seas cee Towa (USA) 
IMOURGEHOPEID Sate PEM sin cisco p ciertexa eles ce ess Arizona (USA) Northern Arizona University ..................- Arizona (USA) 
Mount WohiiU Diversity SiGe je ieo sisiew creme elanye es New Zealand 
MounbiKanobilil tet atek oc acces ioe arewis-o crestor sree Georgia OMB TIER opera creature cloiraistectensaacubyaraxnstomyarts Minnesota (USA) 
IMUM TET FPSO os co coin ve ees ss wie w aye ienteess:s atau SAN Greece OBRARIA Se Mees gos wssaisspsarspsnsanareventvonsrensrovieee Massachusetts (USA) 
WOU AST ANI, «osc ac osarss ecayehevatecarstorchcrenarorernrecs California (USA) MESS AN. or sovsrensrovavsteversner xevotbuatep cua reaavayorokeus be erereekrs Me Ukraine 
IM FONT aeesilateyel Acgy caee tonne Cres ea Ceo cee c dk Arizona (USA) ORAy aM a RANE issensieassnnctoraiamme nh aoniaedee inate Rene Japan 
IN EOUUIRIMIEO CKO Bi yet- astegevons nov aesreu- sianineenccsy Wrens oveterFrecenercuies Texas (USA) @LSSRG MCR cans craic ee owrtn oe mute Ginseie seen eee Denmark 
Nous HAIG AD ANG ets te ors See csareserernan wares ks wees Uzbekistan Oliver Station MRA. 5 cies. cosien ee od oe pera California (USA) 
IMPOUTIEEIN Of KUTA) aporscyevvisva sere ioe aroterrvaio eee eRe Mee ate Japan ONAL] OVID, occa sence artic sconetravrenn dite eebene Czech Republic 
WOountIPIEASAING iia. eccisre ssaur's nase, ote sieinais crmtateleenies, okabhete Australia OnsalaS pace casein y gen at apc raters ed heather eeer Sweden 
WMSTIIAG- SEAS WAGE star cxceayi catcasecncs Seats casa bane favev ah aiantcaver = SRE dee India MOotyOotacamuUnd)) <6 sere evcieinys ee SMA ott ete ORE Te India 
AVF UURAtAS tr ONAL Og ary Vader cvevek xsicohey cvieyet anopstes ansyin expat cvenevaner<pchivens Australia Oba alRiver os ose <5: RREPINE AA net Aaa gO. a Canada 
IWESOIS TODAY vionc stented cee cie a nv ayeie lorena aioisitlowin ni cyaateebteton Poland OW OMSEN AMC IED ore evo corsveyecareroneteloreustexcinte enexeis setae California (USA) 
NOUN EV ALONE OR acres alae eicvesals lotssaiouare carina Arete eam Brazil 
INOUE NW BIKGOI) werannnguendeoopoodsoNpeaoo ms California (USA) AQUial, BREN shois scares: ara sess’ arora ot RPE eka ema ay does Italy 
AOU TZ FEMA oss tiw els esa el aloe wie iniavs arsrsteranasare aha epee O eT Ae Israel RAGAN Ge veh ab WER elem e site hoya Philippine Islands 
IMO UTItainPERM etre 2 AINA AROE icascja be jesessvane se noinvaveviyatend eyevare Kazakhstan PAleTMAO WNIVELSItY ca iis. 6:0.5 servi etorat tie ch EN Ne oe areds Italy 
ie il) oe 1) ERR ee re een eee eet cee United Kingdom RBIGNY 654 Po Naiip ae Cas cen cers Soe ee California (USA) 
Multiple—Mirror Telescope (MMT) ............. Arizona (USA) PPA AR ALY cove Hie 2 5.5 wR. 8 woh eI eats OT DN Nie RRR Chile 
IMEI CHRD TRV ETSY Bee eho 5 cis) cterw eisinir e tiie ovale eat Germany PARI (Pisgah Ast. Research Inst.) ....... North Carolina (USA) 

BBATAS «sth dota eres tire Spacey bear § wis ay ai chac¥ wcaseh evan ts CA Oe ee France 
INA OY A UDIVETSIEY: spcasceracesevevsnanese nares exsnsia ers cxolaystelelavt a aletauaiths Japan PASTSH KO VA VLOUMUEIN ernest dn coeeur #porerale Cumtpe mince reece Russia 
INAS SUES Oech ere kero RM ce ea mitA ess PoeThinie et Ohio (USA) PETERS ane ores aircon waa tila eieiaon ek Ohio (USA) 
IN EVO RICUMRES PI, 8 ATMO cucs cpap ralstiPTh ots aystslos stovsusyenanarsrcvaye Cae Brazil WSs ltherraicio tafe pave vute nates see cd'ai ca doqe sks inrdaicoe se Ra apoE Australia 
INE OE 970 on ae APT ean aes RAN DOG OM OME NCGS Gd tna Chile Bie LATS rt IN cor arssis artnet a avorareietny evernvaimenrspnernorsiareiee France 
IN aerial Wreeeersarsebereteto taper noremnihtaiieycvaral omiande eee Colombia Bigotdos! Diasyecaaazwenescacva ue veal staceiaoasraoonoct rece ne Brazil 
NatTOM al even ytera terete meer yore eusyenuidreseusrai ie ONee ea eeO aaa A Japan RICOMV ALOU tees. iiniay cite cnn oiynswiniechi mei amarante ener: Spain 
IN at mal os ye rere re eb on tecevssentce a sei8 rae ates nacho « MERTON Mexico PCP AM ES scoravercesn of ersvons corsnstor cy ocacorsuin cyan tyuyphnyaves MIE Rem Soe Brazil 


J6 OBSERVATORIES, 2009 


INDEX LIST 

Observatory Name Location Observatory Name Location 
Pine LB uth Ws. nutexanventeanmienierrantrr stones Wisconsin (USA) SirahiamiabHyGrO Staple co). essere loseyo1/cushxckcaoues st eI ef Japan 
Pisgah Ast. Research. Inst. (PARI) ....... North Carolina (USA) SRAM atO PLES O01 Metso ccscvo:ovavavevacasane ese covocscyannns var SION R ID PE Slovakia 
PEWTICEY TS WRAIN. PRS he hare CRUEL RE ae Polana SHIDO thea ose ccc winmusueane oe iouin en See Norway 
Plateau derBurerr scum nce ne Renee eee Meer tae France Slovak Technical University: << 6s ec-i-e saa sortase Slovakia 
PO tS AI ante seuckstdiajestce-« alas seein ciete pisiaisicke ine eae Germany SMA(Submiullimeter Array) etter ist tetctatere niet Hawaii (USA) 
Roman UNIVELSILY scare ctoreiaratocteruinncecie or ereRT ate Ne a Poland SOD aeK SAMA. cotctesse tar- ashe ney-censtoreser- vassal te memes caesar Korea 
ProfelManuelideiBarros iaa-ya- see eos Meda teats Portugal SOMIELS—B AUIS Ch pyesyetekalorsssvreiedeitetste es esc set ors Colorado (USA) 
POSTE | OV Pes Aerated cts Gi Yate ciatayeradctateraveratorctecrtonsione Czech Republic SONDCDCRS PPE Hei cui. rooutunlepeistiouacsce nec mene Germany 
PUKOVORITA WMG apeev sas sve has bielen oaantyeeeeae Russia Sonnenbors tse reer clade yest cancers a tceraone ieee Netherlands 
Phin cath Lenser Seek x, o:cisysysyeversssisiciste:sicieistequreccielaccite Meee Austria SouthvAirican 73 caacs.sraxdtodioacecnaaar aera South Africa 
Puc ple wVlOwn tain y spa. sie/sncet erarerese ninyeca aeahte ee events China South Baldyareak v7cccyon eekaer peat New Mexico (USA) 

SouthiCarolinas Univ. of 4424000500008 South Carolina (USA) 
QUE PRN eee FP VeIR eo toictsp sh socay eats kavararastaarcrevsveven ose Ecuador South Gotiergratgqe sos. cs 2206s acer reer eee Switzerland 

Southern African Large Telescope (SALT) ........ South Africa 
Radio Astionomyi@ enter. :sis::,.11-9Meleties is )- stalscntere eieieteaias India Special. cchatarstysraie a's(svnrdvis wxarcoyuasaveeee acietereina ieee Russia 
Radio Astronomy Institute ................... California (USA) Specola Solat/ODservatOsy ja.rs-iniaiecieieiienisieioiwioleiee ae Switzerland 
Radio Astronomy Institute, Argentine ............... Argentina SOs fe cactaon sysns coxsraasveysinxasevsreislansrocersto peo sae rare Pennsylvania (USA) 
Ramon MariaeAUeriertets,«coseccleis cop ovavarsvsiacarasayais eee Stet bevee eace Spain SRI (Stanford Research Institute) ............. California (USA) 
Ratilesnake Mountain’ ....... jivenhe. we Pennsylvania (USA) StPATdre Wis HONIV: Offa ac cute serasore airtel United Kingdom 
IR STACTSY WASP Payal cskgarteretecraravsieeestonscsloneybias MA Germany StaMichel cccccckieeieccis wise e ciara reac wis'ers oats eee France 
Ri SAR ee clever enc een etheribewencnoonnecumonenelereene Latvia St Petersburg University... sccr <nicmcrowrcuw mewn seme Russia 
RI CES Eile: cana acon er conn aytoeinaeainlevis Samael omen Ohio (USA) Stanford Center for Radar Ast. ............... California (USA) 
PRIVERVIC WAC OME RES cia) cars ons oiousisuerarantsctsleetiaate waste Australia SCALE es vos ors Vota aravsag atone cave nies ners eye avslois ware sleralaarere eRe Germany 
ROMS Mee ee a Se moe d ccowmaierecrnnereeciie aero RNs Italy SHEP ATO INP fovecar nsore care ele oben rare tere ouerers eke en Nee eee Greece 
IRGC ONS BI Whang cada ces latalavs cancestacauaahlavner nascar oe RO Denmark Stemberg:State:Ast. Institute. 0.5 jc)... o.0.0.0.200 ote Russia 
Roqueide:los!Muchachos\se a2 veiiern- scious annul eee ena Spain NSCS VAILS SLI ONES a chakers Fatale sicintevojateharaleierarrenc RE Netherlands 
ROSE MmanywHilly ves. ciomwctnciarcian om haa oe Florida (USA) SE Wand ieRyPrs o ncuidioe nas caer wsmaarelerone Arizona (USA) 
ROE EY AF Some eA Ns ofa avSeatstsveniione sd latotoiohwahater Shiela wate Canada SLOG 2s P08 Ss. crsrcisnarae soe amiarars NE Germany 
IOEICO TSS. 3. 5 1a Se eae SPIER Me ror, Belgium StGehSTO ln Wih oi Su ote aak eons wets wicks wEarvolnaten eae Sweden 
Royal Obs Edin busgh rcayee eesemenn arieistyacie ass United Kingdom SttaSDOOrge) cs ctein edn v a wens we ao sie OA Re France 
RROZe Ms Natoma oes fence gyeseysysysvacara/oicaovarcvavorssatst-veies tam meN oe Bulgaria UAW SORE NS a sisiagsperlnscraiere arava ceritarwtals Pennsylvania (USA) 
RU Cherian eee rracitrvancthiecnuiiaGup inure New York (USA) SUM WOM WAS DIM 5 so.ccccs eustno sie arerstasinsoia <c¥e <q MR Estonia 

SEC RARUINIEN craic d,<reinrcisionpareinalomteeeriiece ioe a ae Germany 
SAS ain OMe NLA pater a) fate yeisnsrstersnvarniesace Massachusetts (USA) SS UB carrer tavatescrsicis ate ova caees acs cots ntatdacevers ees es Hawaii (USA) 
SainteAndnewsh UniveiOl gy. terttertehficssevyeraerearc United Kingdom Submillimeter Array (SMA) ..........0.2..0..25 Hawaii (USA) 
SAID WO NTICH OLY hyasccesersasvstatevocers tars orsemalnhiarsea eternal es France SuDMMEMELER LClESCONE wi cin ascrerteicrns tareie etre Arizona (USA) 
SaitieiRetersburowW miversity master. cicaamveia-iataereteok etter Russia Stipa daira) S tathOn ert. ia:. sire: sislscerexsrorarcisteretesseereicinvese COMMON Japan 
SALT (Southern African Large Telescope) ........ South Africa SSW ADTARI Ney ct osocset acer coaarrassesajandusnowwemmerttee erat cr iar scaceye Germany 
SBA ORTEARIG Ot cB casisevsnss vvsvsya a ssexoverosienarcne-auttenctorean California (USA) SiwisstPederal Pec cicse crc sictinnss a cearenOinerwic x ca eee Switzerland 
SADAVATLONE MME ieta cierononvcrerannsarttterirn akareravou amo ee nee ate Italy SVTACNSEMUMIVERSTtyarisiacise/ chs cticeretaselaiat sss eres New York (USA) 
Satellite basen Waneer Groupia. canine sess emt United Kingdom 
Sayan Vitnsw RAG Ophy sical crcaricvsgeretavern s/atehesssielaeeasioes Russia able Monn tain iacrns pacit «niaterenmnmcencemee California (USA) 
Schauvinslandi Mountain)... suis veh wea gues cy n/ereteeester. Germany SV AAPRON ries et ieee os ietesisysvsisyapassrorersoexoys Taiwan (Republic of China) 
Schillen University Pmedrich, oie. sisiejers stalsiets ni stornaee Germany SRASDRCNE THORS (5.01 bracers anecrmaensidiriea nee Uzbekistan 
Schwarzschild, Karl sxsaninerseetsteocteunae etontviarerete rete: Germany TICK Geis Pith: siosccsciysirarcns sroraccveds BAAS eae tS i Spain 
SONA Ie ys SE ons cinch. Sir ees ie pane Japan he Glay Genter asi cccieearccrmsamanet Massachusetts (USA) 
Senraila ave Station ga cn gis ase nes aise siere waters deere neten Italy The Wranklin Institute spe «<,<carecetorsrercierarerstorstate Pennsylvania (USA) 
SHAW KT sale ssc shsnstah ced ercer ol eb ae nok onsatelen nh TAURU ESTAR China Messalon it Univ. Ofgaecnrcisrenvartsssesinue Ae ee Greece 
hang hawi(B ranch) 4.io a1 <rspersrearensesterararavy rgisrvae tenes eee China AROMPSONP Aa aicthincss suwroastinn neoeeen ane Wisconsin (USA) 
ShatWatiMassiMOuntainiten tr etistseins sone G esi ie nme Russia hres Colle seen tthe Rea ea: <-ecsvorenscteretors North Carolina (USA) 
Shathich@eraair, carte conaevaiee cen sens New Hampshire (USA) ANAT AWN Te RiCete Pee ee ohale soserwscieunpcarecteisicey lene Cvuiorado (USA) 
SUGINIS PHAN Boe ascsevciciatarch erasers wretasasavsnlobesievranedarsrarspeanieiew tne Australia HGHOKUIU DIETS ty ssc setae meseaccisisie emai nee ee ee Japan 
SIMON Stvinlee eps «csr blca wwe maven omnes Netherlands Wokyo) Hy dro graphic jctsaccehncecn sence rk eRe Japan 
SimosatoiHydrographics .2./.acsn)-iad adnan eouc ene Japan Monbaughy\Cly dew, Bake Sees aro ecase ee Kansas (USA) 
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Wnlvetsitys Of Gtaz tater. peste ove ster storciesacaaretcecsiae Betaae Austria IW DWE eer ere ern) pas os pcscers cteeemep metres Massachusetts (USA) 
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Observatory Name Location ie oe a de Latitude hae 
O° / ° / m 
Algeria 
Alger Obs. Bouzaréa + 3 02.1 | +36 48.1 345 
Argentina 
Argentine Radio Ast. Inst. R | Villa Elisa — 58 08.2 | —34 52.1 11 
Cordoba Ast. Obs. Cérdoba — 64 11.8} -—31 25.3 434 
Cérdoba Obs. Astrophys. Sta. Bosque Alegre — 64 32.8 | —31 35.9 | 1250 
Dr. Carlos U. Cesco Sta. San Juan/El Leoncito — 69 19.8 | —31 48.1 | 2348 
El Leoncito Ast. Complex San Juan/E] Leoncito — 69 18.0} —31 48.0] 2552 
Félix Aguilar Obs. San Juan — 68 37.2 | —31 30.6 700 
La Plata Ast. Obs. La Plata — 57 55.9 | —34 54.5 17 
National Obs. of Cosmic Physics San Miguel — 58 43.9 | —34 33.4 37 
Naval Obs. Buenos Aires — 58 21.3 | —34 37.3 6 
Armenia 
Byurakan Astrophysical Obs. R | Yerevan/Mt. Aragatz + 44 17.5 | +40 20.1 | 1500 
Australia 
Anglo-Australian Obs. I | Coonabarabran/Siding Spring, N.S.W. + 149 04.0} —31 16.6] 1164 
Australia Tel. Natl. Facility R | Culgoora, New South Wales + 149 33.7 | —30 18.9 217 
Australian Natl. Radio Ast. Obs. R | Parkes, New South Wales + 148 15.7 | —33 00.0 392 
Deep Space Sta. R | Tidbinbilla, Austl. Cap. Ter. + 148 58.8 | -—35 24.1 656 
Fleurs Radio Obs. R | Kemps Creek, New South Wales + 150 46.5 | —33 51.8 45 
Molonglo Radio Obs. R | Hoskinstown, New South Wales + 149 25.4 | —35 22.3 732 
Mount Pleasant Radio Ast. Obs. _R | Hobart, Tasmania + 147 26.4 | —42 48.3 43 
Mount Stromlo Obs. Canberra/Mt. Stromlo, Austl. Cap. Ter. | + 149 00.5 | —35 19.2 767 
Perth Obs. Bickley, Western Australia + 116 08.1 | —32 00.5 391 
Riverview College Obs. Lane Cove, New South Wales +151 09.5 | —33 49.8 De) 
Siding Spring Obs. Coonabarabran/Siding Spring, N.S.W. | + 149 03.7 | —31 164] 1149 
Austria 
Kanzelhohe Solar Obs. Klagenfurt/Kanzelhohe + 13 544) +46 40.7 | 1526 
Kuffner Obs. Vienna + 16 17.8] +48 12.8 302 
L. Fig] Astrophysical Obs. St. Corona at Schépfl + 15 55.4 | +48 05.0 890 
Lustbiihel Obs. Graz + 15 29.7 | +47 03.9 480 
Purgathofer Obs. Klosterneuburg + 16 17.2 | +48 17.8 399 
Univ. of Graz Obs. Graz + 15 27.1 | +47 04.7 375 
Urania Obs. Vienna + 16 23.1 | +48 12.7 193 
Vienna Univ. Obs. Vienna + 16 20.2 | +48 13.9 241 
Belgium 
Ast. and Astrophys. Inst. Brussels + 4 23.0} +50 48.8 147 
Cointe Obs. Liége “EY Ona SiO e503 74 227; 
Royal Obs. of Belgium R | Uccle + 4 215 | +50 47.9 105 
Royal Obs. Radio Ast. Sta. R | Humain + 5 15.3 | +50 11.5 293 
Brazil 
Abrahao de Moraes Obs. R | Valinhos — 46 58.0 | —23 00.1 850 
Antares Ast. Obs. Feira de Santana — 38 57.9 | —12 15.4 256 
Itapetinga Radio Obs. R | Atibaia = 146°33.5) | = .23melilel 806 
Morro Santana Obs. Porto Alegre — 51 07.6 | -—30 03.2 300 
National Obs. Rio de Janeiro — 43 13.4| —22 53.7 So) 
Pico dos Dias Obs. Itajuba/Pico dos Dias — 45 35.0 | —22 32.1 1870 
Piedade Obs. Belo Horizonte — 43 30.7 | -19 49.3) 1746 
Valongo Obs. Rio de Janeiro/Mt. Valongo = 43 11.2 | —22,.53.9 52 
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Observatory Name Location Loni de | Latitude meee 
Bulgaria ea ar: ‘ 
Belogradchik Ast. Obs. Belogradchik + 22 40.5 | +43 37.4 650 
Rozhen National Ast. Obs. Rozhen + 24 446] +41 41.6] 1759 
Canada 
Algonquin Radio Obs. R Lake Traverse, Ontario — 78 04.4 | +45 57.3 260 
Climenhaga Obs. Victoria, British Columbia —123 18.5 | +48 27.8 74 
David Dunlap Obs. Richmond Hill, Ontario = 79 25.34 +43 51.8 244 
Devon Ast. Obs. Devon, Alberta —113 45.5 | +53 23.4 708 
Dominion Astrophysical Obs. Victoria, British Columbia — 123 25.0 | +48 31.2 238 
Dominion Radio Astrophys. Obs.  R Penticton, British Columbia —119 37.2 | +49 19.2 545 
Elginfield Obs. London, Ontario — 81 18.9} +43 11.5 323 
Mont Mégantic Ast. Obs. Mégantic/Mont Mégantic, Quebec =_ 41 09:2) +45 27.3 | 1114 
Ottawa River Solar Obs. Ottawa, Ontario — 75 53.6 | +45 23.2 58 
Rothney Astrophysical Obs. I Priddis, Alberta — 114 17.3 | +50 52.1) )) 1272 
Chile 
Cerro Calan National Ast. Obs. Santiago/Cerro Calan — 70 32.8 | —33 23.8 860 
Cerro El Roble Ast. Obs. Santiago/Cerro El Roble SOL 2a 32a S-Oul 2220 
Cerro Tololo Inter-Amer. Obs. R,I_ | La Serena/Cerro Tololo — 70 48.9 | —30 09.9 | 2215 
European Southern Obs. R La Serena/Cerro La Silla — 70 43.8 | —29 15.4] 2347 
Gemini South Obs. La Serena/Cerro Pach6on — 70 43.4) —30 13.7] 2725 
Las Campanas Obs. Vallenar/Cerro Las Campanas — 70 42.0} —29 00.5 |, 2282 
Maipu Radio Ast. Obs. R Maipu = 70 51.5.) =33 301 446 
Manuel Foster Astrophys. Obs. Santiago/Cerro San Cristobal — 70 37.8 | —33 25.1 840 
Paranal Obs. Antofagasta/Cerro Paranal — 70 24.2 | —24 37.5 | 2635 
China, People’s Republic of 
Beijing Normal Univ. Obs. R Beijing +116 21.6 | +39 57.4 70 
Beijing Obs. Sta. R Miyun +116 45.9 | +40 33.4 160 
Beijing Obs. Sta. R,L | Shahe +116 19.7 | +40 06.1 40 
Beijing Obs. Sta. Tianjing +117 03.5 | +39 08.0 5 
Beijing Obs. Sta. I Xinglong +117 34.5 | +40 23.7 870 
Purple Mountain Obs. R Nanjing/Purple Mtn. +118 49.3 | +32 04.0 267 
Shaanxi Ast. Obs. R Lintong + 109 33.1 | +34 56.7 468 
Shanghai Obs. Sta. R,L | Sheshan +121 11.2 | +31 05.8 100 
Shanghai Obs. Sta. R Urumqui + 87 10.7 | +43 28.3 | 2080 
Shanghai Obs. Sta. R Xujiahui +121 25.6} +31 11.4 5 
Wuchang Time Obs. L Wuhan +114 20.7 | +30 32.5 28 
Yunnan Obs. R Kunming +102 47.3 | +25 01.5} 1940 
Colombia 
National Ast. Obs. Bogota — 74 04.9] + 4 35.9] 2640 
Croatia, Republic of 
Geodetical Faculty Obs. Zagreb + 16 01.3 | +45 49.5 146 
Hvar Obs. Hvar + 16 26.9} +43 10.7 238 
Czech Republic 
Charles Univ. Ast. Inst. Prague + 14 23.7 | +50 04.6 267 
Nicholas Copernicus Obs. Brno +. 16 35.0 | +49" 12.2 304 
Ondfejov Obs. R Ondfejov + 14 47.0 | +49 54.6 533 
Prostéjov Obs. Prostéjov + 17 09.8 | +49 29.2 225 
ValaSské Mezirici Obs. ValaSské Mezifi¢i + 17 58.5 | +49 27.8 338 
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Observatory Name ii Location L at ae Latitude ea 
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O° / O° / m 
Denmark 
Copenhagen Univ. Obs. Brorfelde +11 40.0 | +55 37.5 90 
Copenhagen Univ. Obs. Copenhagen +12 34.6 | +55 41.2) —— 
Ole Romer Obs. Arhus +10 11.8 | +56 07.7 50 
Ecuador 
Quito Ast. Obs. Quito —78 29.9 | — 0 13.0| 2818 
Egypt 
Helwan Obs. Helwan +31 22.8 | +29 51.5 116 
Kottamia Obs. Kottamia +31 49.5 | +29 55.9 476 
Estonia 
Wilhelm Struve Astrophys. Obs. Tartu +26 28.0 | +58 16.0 | —— 
Finland 
European Incoh. Scatter Facility R | Sodankyla +26 37.6 | +67 21.8 197 
Metsahovi Obs. Kirkkonummi +24 23.8 | +60 13.2 60 
Metsdhovi Obs. Radio Rsch. Sta. R_ | Kirkkonummi +24 23.6 | +60 13.1 61 
Tuorla Obs. Piikkio +22 26.8 | +60 25.0 40 
Univ. of Helsinki Obs. Helsinki + 24 57.3 | +60 09.7 33 
France 
Besancon Obs. Besangon + 5 59.2 | +47 15.0 312 
Bordeaux Univ. Obs. R_ | Floirac — 0 31.7 | +44 50.1 73 
Céte d’ Azur Obs. Nice/Mont Gros + 7 18.1 | +43 43.4 372 
Céte d’ Azur Obs. Calern Sta. I,L | St. Vallier-de-Thiey + 6 55.6 | +43 44.9 1270 
Grenoble Obs. R_ | Gap/Plateau de Bure + 5 54.5 | +44 38.0 | 2552 
Lyon Univ. Obs. St. Genis Laval + 4 47.1 | +45 41.7 299 
Meudon Obs. Meudon + 2 13.9 | +48 48.3 162 
Millimeter Radio Ast. Inst. R_ | Gap/Plateau de Bure + 5 544 | +44 38.0} 2552 
Obs. of Haute—Provence Forcalquier/St. Michel + 5 42.8 | +43 55.9 665 
Paris Obs. Paris + 2 20.2 | +48 50.2 67 
Paris Obs. Radio Ast. Sta. R_ | Nangay ( Qete se a 22.8 150 
Pic du Midi Obs. Bagnéres—de—Bigorre + 0 08.7 | +42 56.2] 2861 
Strasbourg Obs. Strasbourg + 7 46.2 | +48 35.0 142 
Toulouse Univ. Obs. Toulouse + 1 27.8 | +43 36.7 195 
Georgia 
Abastumani Astrophysical Obs. | R_ | Abastumani/Mt. Kanobili +42 49.3 | +41 45.3 | 1583 
Germany 
Archenhold Obs. Berlin +13 28.7 | +52 29.2 41 
Bochum Obs. Bochum + 7 13.40 |) + S279) 132 
Central Inst. for Earth Physics Potsdam +13 04.0 | +52 22.9 91 
Einstein Tower Solar Obs. R_ | Potsdam +13" 03:9" O2, 22.5 100 
Friedrich Schiller Univ. Obs. Jena +11 29.2 | +50 55.8 356 
Gottingen Univ. Obs. Gottingen + 9 56.6} +35) 38 159 
Hamburg Obs. Bergedorf +10 14.5 | +53 28.9 45 
Hoher List Obs. Daun/Hoher List + 6 51.0 | +50 09.8 533 
Inst. of Geodesy Ast. Obs. Hannover + 9 42.8 | +52 23.3 71 
Karl Schwarzschild Obs. Tautenburg +11 42.8 | +50 58.9 331 
Lohrmann Obs. Dresden + 13 52.3 | +51 03.0 324 
Max Planck Inst. for Radio Ast. R_ | Effelsberg + 6353: || 450) 3356 369 
Munich Univ. Obs. Munich +11 36.5 | +48 08.7 529 
Potsdam Astrophysical Obs. Potsdam +13 04.0 | +52 22.9 107 
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Germany, cont. 
Remeis Obs. Bamberg + 10 53.4] +49 53.1 288 
Schauinsland Obs. Freiburg/Schauinsland Mtn. + 7544] +47 54.9| 1240 
Sonneberg Obs. Sonneberg ce HII Utes | Soi0) 272. 0/ 640 
State Obs. Heidelberg/KG6nigstuhl + 8 43.3] +49 23.9 570 
Stockert Radio Obs. R | Eschweiler + 6 43.4} +50 34.2 435 
Stuttgart Obs. Welzheim + 9 35.8} +48 52.5 547 
Swabian Obs. Stuttgart + 9 11.8} +48 47.0 354 
Tremsdorf Radio Ast. Obs. R | Tremsdorf + 138082554 52m el 39) 
Tiibingen Univ. Ast. Obs. Tibingen + 9 03.5 | +48 32.3 470 
Wendelstein Solar Obs. Brannenburg + 12 00.8 | +47 42.5] 1838 
Wilhelm Foerster Obs. Berlin ap Sy Pay I ae Sy DIS) 78 
Greece 
Kryonerion Ast. Obs. Kiaton/Mt. Killini + 22 37.3 | +37 58.4 905 
National Obs. of Athens Athens + 23 43.2 | +37 58.4 110 
National Obs. Sta. R | Pentele + 23) 51:8) +387 ,02°9 509 
Stephanion Obs. Stephanion + 22 49.7 | +37 45.3 800 
Univ. of Thessaloniki Obs. Thessaloniki + 22 57.5 | +40 37.0 28 
Greenland 
Incoherent Scatter Facility R | Sgndre Strgmfjord — 50 57.0 | +66 59.2 180 
Hungary 
Heliophysical Obs. Debrecen + 21 37.4 | +47 33.6 132 
Heliophysical Obs. Sta. Gyula + 21 16.2 | +46 39.2 135 
Konkoly Obs. Budapest + 18 57.9 | +47 30.0 474 
Konkoly Obs. Sta. Piszkéstet6 + 19 53.7 | +47 55.1 958 
Urania Obs. Budapest qe WORK. aay 22) 166 
India 
Aryabhatta Res. Inst. of Obs. Sci. Naini Tal/Manora Peak + 792744229 21.7 1927 
Gauribidanur Radio Obs. R | Gauribidanur + VIA264 rs e362 686 
Gurushikhar Infrared Obs. I | Abu + 72 46.8} +24 39.1} 1700 
Indian Ast. Obs. Hanle/Mt. Saraswati + 78 57.9 | +32 46.8 | 4467 
Japal—Rangapur Obs. R | Japal ce tks) CSF | ar lli/ bee} 695 
Kodaikanal Solar Obs. Kodaikanal + 77 28.1} +10 13.8] 2343 
National Centre for Radio Aph. Khodad + 74 03.0] +19 06.0 650 
Nizamiah Obs. Hyderabad + 718 272 el e259 554 
Radio Ast. Center R | Udhagamandalam (Ooty) + 76 40.0} +11 22.9) 2150 
Vainu Bappu Obs. Kavalur + 78 49.6] +12 34.6 725 
Indonesia 
Bosscha Obs. Lembang (Java) +107 37.0} — 6 49.5 1300 
Ireland 
Dunsink Obs. Castleknock =O 202 )F 53) 233 85 
Israel 
Florence and George Wise Obs. Mitzpe Ramon/Mt. Zin + 34 45.8] +30 35.8 874 
Italy 
Arcetri Astrophysical Obs. Arcetri + 11 15.3 | +43 45.2 184 
Asiago Astrophysical Obs. Asiago + 11 31.7} +45 51.7} 1045 
Bologna Univ. Obs. Loiano + 11 20.2} +44 15.5 785 
Brera—Milan Ast. Obs. Merate + 9 25.7} +45 42.0 340 
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Italy, cont. 
Brera—Milan Ast. Obs. Milan + 9 11.5 | +45 28.0 146 
Cagliari Ast. Obs. L Capoterra + 8 58.6} +39 08.2 205 
Capodimonte Ast. Obs. Naples + 14 15.3 | +40 51.8 150 
Catania Astrophysical Obs. Catania + 15 05.2 | +37 30.2 47 
Catania Obs. Stellar Sta. Catania/Serra la Nave + 14 58.4] +37 41.5] 1735 
Chaonis Obs. Chions + 12 42.7] +45 50.6 15 
Collurania Ast. Obs. Teramo + 13 44.0] +42 39:5 388 
Damecuta Obs. Anacapri + 14 11.8] +40 33.5 137 
International Latitude Obs. Carloforte + 8 18.7} +39 08.2 219) 
Medicina Radio Ast. Sta. R Medicina + 11 38.7 | +44 31.2 a4 
Mount Ekar Obs. Asiago/Mt. Ekar + 11 34.3 | +45 50.6] 1350 
Padua Ast. Obs. Padua + 11 52.3 | +45 24.0 38 
Palermo Univ. Ast. Obs. Palermo + 13 21.5 | +38 06.7 72 
Rome Obs. Rome/Monte Mario +. 12 25h Te ea 5555: 152 
San Vittore Obs. Bologna + 11 20.5 | +44 28.1 280 
Trieste Ast. Obs. R Trieste + 13 52.5 | +45 38.5 400 
Turin Ast. Obs. Pino Torinese + 7 465) +45 02.3 622 
Japan 
Dodaira Obs. L Tokyo/Mt. Dodaira + 139 11.8 | +36 00.2 879 
Hida Obs. Kamitakara + 137 18.5 | +36 14.9] 1276 
Hiraiso Solar Terr. Rsch. Center R Nakaminato + 140 37.5 | +36 22.0 27 
Kagoshima Space Center R Uchinoura +131 04.0) +31 13.7 228 
Kashima Space Research Center R Kashima +140 398) |e Soe 3 32 
Kiso Obs. Kiso + 137 37.7 | +35 47.6| 1130 
Kwasan Obs. Kyoto +135 47.6 | +34 59.7 221 
Kyoto Univ. Ast. Dept. Obs. Kyoto +135 47.2 | +35 01.7 86 
Kyoto Univ. Physics Dept. Obs. Kyoto +135 47.2 | +35 01.7 80 
Mizusawa Astrogeodynamics Obs. Mizusawa +141 07.9 | +39 08.1 61 
Nagoya Univ. Fujigane Sta. R Kamiku Isshiki +.138-36.7))" 4,35; 725;6y| 841015 
Nagoya Univ. Radio Ast. Lab. R Nagoya + 136 58.4 | +35 08.9 75 
Nagoya Univ. Sugadaira Sta. R Toyokawa + 138 19.3 | 4.36. 31.2), 1280 
Nagoya Univ. Toyokawa Sta. R Toyokawa + 137 22.2 | +34 50.1 25 
National Ast. Obs. R Mitaka + 139 32.5 | +35 40,3 58 
Nobeyama Cosmic Radio Obs. R Nobeyama + 138° 29,07 | ,4435%56.0, 99350 
Nobeyama Solar Radio Obs. R Nobeyama +138 28.8.) +:35°56.3.}.1350 
Norikura Solar Obs. I Matsumoto/Mt. Norikura +137 33.3 | +36 06.8] 2876 
Okayama Astrophysical Obs. Kurashiki/Mt. Chikurin + 133 35.8 | +34 34.4 S12 
Sendai Ast. Obs. Sendai + 140 51.9 | +38 15.4 45 
Simosato Hydrographic Obs. R,L | Simosato + 135 56.4 | +33 34.5 63 
Sirahama Hydrographic Obs. Sirahama + 138 59.3 | +34 42.8 172 
Tohoku Uniy. Obs. Sendai + 140 50.6 | +38 15.4 153 
Tokyo Hydrographic Obs. Tokyo + 139 46.2 | +35 39.7 4] 
Toyokawa Obs. R Toyokawa + 137 22.3 | +34 50.2 18 
Kazakhstan 
Mountain Obs. Alma—Ata + 76 57.4 | +43 11.3} 1450 
Korea, Republic of 
Bohyunsan Optical Ast. Obs. Youngchun/Mt. Bohyun + 128 58.6 | +36 10.0) 1127 
Daeduk Radio Ast. Obs. R Taejeon +127 22.3 | +36 23.9 126 
Korea Ast. Obs. Taejeon #127 22.3" | 36 239 120 
Sobaeksan Ast. Obs. Danyang +128 27.4 | +36 56.0} 1390 


OBSERVATORIES, 2009 J13 
Observatory Name Location | de | Latitude aun 
a [Sent 
Latvia we nar’ , 
Latvian State Univ. Ast. Obs. Riga + 24 07.0 | +56 57.1 39 
Riga Radio—Astrophysical Obs. Riga + 24 24.0] +56 47.0 715 
Lithuania 
Moletai Ast. Obs. Moletai + 25 33.8] +55 19.0 220 
Vilnius Ast. Obs. Vilnius + 25 17.2 | +54 41.0 122 
Mexico 
Guillermo Haro Astrophys. Obs. Cananea/La Mariquita Mtn. —110 23.0 | +31 03.2 | 2480 
Large Millimeter Telescope (LMT) Sierra Negra = 97 18:9) sais 59:15) 54600; 
National Ast. Obs. San Felipe (Baja) —115 27.8 | +31 02.6} 2830 
National Ast. Obs. Tonantzintla — 98 18.8] +19 02.0} 2150 
Netherlands 
Catholic Univ. Ast. Inst. Nijmegen + 5 52.1 | +51 49.5 62 
Dwingeloo Radio Obs. Dwingeloo + 6 23.8 | +52 48.8 25 
Kapteyn Obs. Roden + 6 266} +53 07.7 12 
Leiden Obs. Leiden + 4 29.1 | +52 09.3 (192 
Simon Stevin Obs. Hoeven + 4 33.8] +51 34.0 9 
Sonnenborgh Obs. Utrecht + 5 07.8 | +52 05.2 14 
Westerbork Radio Ast. Obs. Westerbork + 6 36.3 | +52 55.0 16 
New Zealand 
Auckland Obs. Auckland +174 46.7 | -—36 54.4 80 
Carter Obs. Wellington +174 46.0 | —41 17.2 129 
Carter Obs. Sta. Blenheim/Black Birch +173 48.2 | —41 449) 1396 
Mount John Univ. Obs. Lake Tekapo/Mt. John +170 27.9 | —43 59.2 | 1027 
Norway 
European Incoh. Scatter Facility Troms¢ “LOS Ste 2a OOles5 2, 85 
Skibotn Ast. Obs. Skibotn + 20 21.9 | +69 20.9 I y0/ 
Philippine Islands 
Manila Obs. Quezon City +121 04.6 | +14 38.2 58 
Pagasa Ast. Obs. Quezon City +121 04.3 | +14 39.2 70 
Poland 
Astronomical Latitude Obs. Borowiec + 17 04.5 | +52 16.6 80 
Jagellonian Obs. Ft. Skala Sta. Cracow + 19 49.6 | +50 03.3 314 
Jagellonian Univ. Ast. Obs. Cracow + 19 57.6 | +50 03.9 225 
Mount Suhora Obs. Koninki/Mt. Suhora + 20 04.0] +49 34.2} 1000 
Piwnice Ast. Obs. Piwnice + 18 33.4 | +53 05.7 100 
Poznan Univ. Ast. Obs. Poznan + 16 52.7 | +52 23.8 85 
Warsaw Univ. Ast. Obs. Ostrowik + 21 25.2 | +52 05.4 138 
Wroclaw Univ. Ast. Obs. Wroclaw + 17 05.3 | +51 06.7 115 
Wroclaw Univ. Bialkow Sta. Wasosz + 16 39.6] +51 28.5 140 
Portugal 
Coimbra Ast. Obs. Coimbra — 8 25.8] +40 12.4 99 
Lisbon Ast. Obs. Lisbon — 9 11.2) +38 42.7 111 
Prof. Manuel de Barros Obs. Vila Nova de Gaia —- 8 35.3 | +41 06.5 232 
Puerto Rico 
Arecibo Obs. Arecibo — 66 45.2} +18 20.6 496 


J14 OBSERVATORIES, 2009 
iP ‘oh 
Observatory Name Location cencinde Latitude Lins 
fe} / ° / m 
Romania 
Bucharest Ast. Obs. Bucharest + 26 05.8 | +44 24.8 81 
Cluj-Napoca Ast. Obs. Cluj-Napoca + 23 35.9 | +46 42.8 750 
Russia 
Engelhardt Ast. Obs. Kazan + 48 48.9] +55 50.3 98 
Irkutsk Ast. Obs. Irkutsk +104 20.7 | +52 16.7 468 
Kaliningrad Univ. Obs. Kaliningrad + 20 29.7 | +54 42.8 24 
Kazan Univ. Obs. Kazan + 49 07.3 | +55 47.4 qT 
Pulkovo Obs. R_ | Pulkovo + 30 19.6 | +59 46.4 iS 
Pulkovo Obs. Sta. Kislovodsk/Shat Jat Mass Mtn. + 42 31.8] +43 44.0] 2130 
Sayan Mtns. Radiophys. Obs. Sayan Mountains +102 12.5 | 451" 45:5 832 
Special Astrophysical Obs. R_ | Zelenchukskaya/Pasterkhov Mtn. + 41 26.5 | +43 39.2) 2100 
St. Petersburg Univ. Obs. St. Petersburg + 30 17.7] +59 56.5 3 
Sternberg State Ast. Inst. Moscow + 37 32.7| +55 42.0 195 
Tomsk Univ. Obs. Tomsk + 84 56.8 | +56 28.1 130 
Slovakia 
Lomnicky Stit Coronal Obs. Poprad/Mt. Lomnicky Stit + 20 13.2] +49 11.8] 2632 
Skalnaté Pleso Obs. Poprad + 20 14.7] +49 11.3] 1783 
Slovak Technical Univ. Obs. Bratislava + 17 07.2 | +48 09.3 171 
South Africa, Republic of 
Boyden Obs. Mazelspoort + 26 243 | —29 02.3 | 1387 
Hartebeeshoek Radio Ast. Obs. R_ | Hartebeeshoek + 27 41.1 | —25 53.4] 1391 
Leiden Obs. Southern Sta. Hartebeespoort + 27 52.6 | —25 46.4] 1220 
South African Ast. Obs. Cape Town + 18 28.7 | —33 56.1 18 
South African Ast. Obs. Sta. Sutherland + 20 48.7 | —32 22.7] 1771 
Southern African Large Telescope Sutherland + 20 48.6 | —32 22.8) 1798 
Spain 
Deep Space Sta. R_ | Cebreros —- 4 22.0} +40 27.3 789 
Deep Space Sta. R_ | Robledo — 4 14.9 | +40 25.8 774 
Ebro Obs. R_ | Roquetas + 0 29.6} +40 49.2 50 
German Spanish Ast. Center Gérgal/Calar Alto Mtn. — 2 32:2 || +3) 13.8))) 2168 
Millimeter Radio Ast. Inst. R_ | Granada/Pico Veleta —- 3 240] +37 04.1} 2870 
National Ast. Obs. Madrid —- 3 41.1) +40 246 670 
National Obs. Ast. Center R_ | Yebes —- 3 06.0} +40 31.5 914 
Naval Obs. L_ | San Fernando — 6 12.2} +36 28.0 27 
Ramon Maria Aller Obs. Santiago de Compostela — 8 33.6} +42 52.5 240, 
Roque de los Muchachos Obs. La Palma Island (Canaries) =" L7- S229, he 28 A5-6y)2326 
Teide Obs. R,I | Tenerife Island (Canaries) — 16 29.8} +28 17.5] 2395 
Sweden 
European Incoh. Scatter Facility R_ | Kiruna + 20 26.1 | +67 51.6 418 
Kvistaberg Obs. Bro + 17 36.4 | +59 30.1 33 
Lund Obs. Lund + 13 11.2] +55 41.9 34 
Lund Obs. Javan Sta. Bjornstorp + 13 26:0) 455 “Sie 145 
Onsala Space Obs. R= | Onsala + Li 55.1, |p4Sh 23:6 24 
Stockholm Obs. Saltsjobaden + 18 18.5 | +59 16.3 60 
Switzerland 
Arosa Astrophysical Obs. Arosa + 9 40.1 | +46 47.0} 2050 
Basle Univ. Ast. Inst. Binningen + 7 35.0 | +47 32.5 318 
Cantonal Obs. Neuchatel + 6 57.5 | +46 59.9 488 
Geneva Obs. Sauverny + 6 08.2] +46 18.4 465 


OBSERVATORIES, 2009 Es) 
Observatory Name Location Lois de | Latitude eb 
Switzerland, cont. he “tees P 
Gornergrat North & South Obs. R,I | Zermatt/Gornergrat + 747.1) +45 59.1 3135 
High Alpine Research Obs. Miirren/Jungfraujoch + 7 59.1 | +46 32.9} 3576 
Inst. of Solar Research (IRSOL) Locarno + — 8 47.4 | +46 10.7 500. 
Specola Solar Observatory Locarno + 8 474) +46 10.4 365 
Swiss Federal Obs. Ziirich + 8 33.1 | +47 22.6 469 
Univ. of Lausanne Obs. Chavannes—des—Bois + 6 08.2 | +46 18.4 465 
Zimmerwald Obs. Zimmerwald + 7 27.9} +46 52.6 929 
Tadzhikistan 
Inst. of Astrophysics Dushanbe + 68 46.9 | +38 33.7 820 
Taiwan (Republic of China) 
National Central Univ. Obs. Chung-li +121 11.2 | +24 58.2 152 
Taipei Obs. Taipei + 121 31.6} +25 04.7 al 
Turkey 
Ege Univ. Obs. Bornova + 27 165 |) +38 23.9 795 
Istanbul Univ. Obs. Istanbul + 28 57.9} +41 00.7 65 
Kandilli Obs. Istanbul + 29 03.7] +41 03.8 120 
Tiibitak National Obs. Antalya/Mt. Bakirlitepe +30) ZOU E36 7495592515 
Univ. of Ankara Obs. R_ | Ankara + 32 46.8 | +39 50.6] 1266 
Ukraine 
Crimean Astrophysical Obs. Partizanskoye + 34 01.0} +44 43.7 550 
Crimean Astrophysical Obs. R_ | Simeis + 34 01.0} +44 32.1 676 
Inst. of Radio Ast. R_ | Kharkov + 36 56.0 | +49 38.0 150 
Kharkov Univ. Ast. Obs. Kharkov + 36 13.9] +50 00.2 138 
Kiev Univ. Obs. Kiev + 30 29.9 | +50 27.2 184 
Lvov Univ. Obs. Lvov + 24 01.8 | +49 50.0 330 
Main Ast. Obs. Kiev + 30 30.4] +50 21.9 188 
Nikolaev Ast. Obs. Nikolaev + 31 58.5 | +46 58.3 54 
Odessa Obs. Odessa + 30 45.5 | +46 28.6 60 
United Kingdom 
Armagh Obs. Armagh, Northern Ireland — 6 38.9] +54 21.2 64 
Cambridge Univ. Obs. Cambridge, England + ONOSS7E 2s 12.8 30 
Chilbolton Obs. R_ | Chilbolton, England — 1 26.2) +51 08.7 92 
City Obs. Edinburgh, Scotland —- 3 10.8} +55 57.4 107 
Godlee Obs. Manchester, England — 2 14.0] +53 28.6 Wl 
Jodrell Bank Obs. R_ | Macclesfield, England — 2 184] +53 14.2 78 
Mills Obs. Dundee, Scotland — 3 00.7 | +56 27.9 152 
Mullard Radio Ast. Obs. R_ | Cambridge, England + 0 02.6) +52 10.2 17 
Royal Obs. Edinburgh Edinburgh, Scotland = 73) LIOR 55.59 146 
Satellite Laser Ranger Group L_ | Herstmonceux, England + 0 203] +50 52.0 31 
Univ. of Glasgow Obs. Glasgow, Scotland — 4 18.3) +55 54.1 53 
Univ. of London Obs. Mill Hill, England - 0 144] +51 36.8 81 
Univ. of St. Andrews Obs. St. Andrews, Scotland — 2 48.9] +56 20.2 30 
United States of America 
Alabama 
Univ. of Alabama Obs. Tuscaloosa — 87 32.5 | +33 12.6 87 
Arizona 
Fred L. Whipple Obs. Amado/Mt. Hopkins —110 52.6 | +31 40.9 | 2344 
Kitt Peak National Obs. Tucson/Kitt Peak —111 36.0} +31 57.8] 2120 
Lowell Obs. Flagstaff = J11 39:07"35') 1225)" 2219 


J16 OBSERVATORIES, 2009 
=H ; 
Observatory Name Location Longe An Latitude | Height 
a) 
O° / ° / m 
USA, cont. 
Arizona, cont. 
Lowell Obs. Sta. Flagstaff/Anderson Mesa —111 32.2 | +35 05.8] 2200 
McGraw-Hill Obs. Tucson/Kitt Peak = 111) 37.0, 231 957.0.) 1925 
MMT Obs. Ainado/Mt. Hopkins —110 53.1 | +31 41.3] 2608 
Mount Lemmon Infrared Obs. I | Tucson/Mt. Lemmon —110 47.5 | +32 26.5 | 2776 
National Radio Ast. Obs. R | Tucson/Kitt Peak —111 36.9 | +31 57.2} 1939 
Northern Arizona Univ. Obs. Flagstaff — 111 39.2 | +35, Are 20 
Steward Obs. Tucson —110 56.9} +32 14.0 Thy) 
Steward Obs. Catalina Sta. Tucson/Mt. Bigelow —110 43.9 | +32 25.0] 2510 
Steward Obs. Catalina Sta. Tucson/Mt. Lemmon —110 47.3 | +32 26.6) 2790 
Steward Obs. Catalina Sta. Tucson/Tumamoc Hill —111 00.3 | +32 12.8 950 
Steward Obs. Sta. Tucson/Kitt Peak —111 36.0} +31 57.8 | 2071 
Submillimeter Telescope Obs. R | Safford/Mt. Graham —109 53.5 | +32 42.1 | 3190 
U.S. Navai Obs. Sta. Flagstaff —111 444] +35 11.0] 2316 
Vatican Obs. Research Group I | Safford/Mt. Graham —109 53.5 | +32 42.1} 3181 
Warner and Swasey Obs. Sta. Tucson/Kitt Peak —111 35.9 | +31 57.6| 2084 
California 
Big Bear Solar Obs. Big Bear City —116 54.9 | +34 15.2 | 2067 
Chabot Space & Science Center Oakland —122 10.9 | +37 49.1 476 
Goldstone Complex R | Fort Irwin —116 50.9 | +35 23.4] 1036 
Griffith Obs. Los Angeles —118 17.9 | +34 07.1 Bol 
Hat Creek Radio Ast. Obs. R | Cassel —121 284] +40 49.1 1043 
Leuschner Obs. Lafayette —122 09.4 | +37 55.1 304 
Lick Obs. San Jose/Mt. Hamilton - 121 38.2 | +37 20.6] 1290 
MIRA Oliver Observing Sta. Monterey/Chews Ridge —121 34.2 | +36 18.3] 1525 
Mount Laguna Obs. L, | Mount Laguna —116 25.6 | +32 50.4} 1859 
Mount Wilson Obs. R | Pasadena/Mt. Wilson —118 03.6 | +34 13.0} 1742 
Owens Valley Radio Obs. R | Big Pine —118 16.9} +37 13.9} 1236 
Palomar Obs. Palomar Mtn. —116 51.8} +33 21.4} 1706 
Radio Ast. Inst. R | Stanford — 122 11.3 | +37 23.9 80 
San Fernando Obs. R | San Fernando —118 29.5 | +34 18.5 371 
SRI Radio Ast. Obs. R | Stanford --122 10.6 | +37 24.3 168 
Stanford Center for Radar Ast. R | Palo Alto —122 10.7 | +37 27.5 Mg? 
Table Mountain Obs. Wrightwood —117 40.9 | +34 22.9] 2285 
Colorado 
Chamberlin Obs. Denver — 104 57.2 | +39 40.6] 1644 
Chamberlin Obs. Sta. Bailey/Dick Mtn. —105 26.2 | +39 25.6] 2675 
Meyer~Womble Obs. Georgetown/Mt. Evans —105 38.4 | +39 35.2 | 4305 
Sommers—Bausch Obs. Boulder —105 15.8 | +40 00.2} 1653 
Tiara Obs. South Park —105 31.0 | +38 58.2) 2679 
U.S. Air Force Academy Obs. Colorado Springs — 104 52.5 | +39 00.4) 2187 
Connecticut 
John J. McCarthy Obs. New Milford — 73 25.6} +41 31.6 79 
Van Vleck Obs. Middletown — 72 39.6 | +41 33.3 65 
Western Conn. State Univ. Obs. Danbury — 73 26.7 | +41 24.0 128 
Delaware 
Mount Cuba Ast. Obs. Greenville — 75 38.0 | +39. 47.1 92 
District of Columbia 
Naval Rsch. Lab. Radio Ast. Obs. R | Washington — 77 01.6 | +38 49.3 30 
U.S. Naval Obs. Washington — 77 04.0 | +38 55.3 92 
Florida 
Brevard Community College Obs. Cocoa — 80 45.7 | +28 23.1 i9/ 
Rosemary Hill Obs. Bronson — 82 35.2) +29 24.0 44 
Univ. of Florida Radio Obs. R | Old Town —2 83.0251) | + 29 Si) 8 


OBSERVATORIES, 2009 1% 
ee 
Observatory Name Location L ore de | Latitude ean 
USA, cont. pia * tl 1 
Georgia 
Bradley Obs. Decatur — 84 17.6] +33 45.9 316 
Fernbank Obs. Atlanta — 84 19.1 | +33 46.7 320 
Hard Labor Creek Obs. Rutledge — 83 35.6 | +33 40.2 223 
Hawaii 
C.E.K. Mees Solar Obs. Kahului/Haleakala, Maui —156 15.4 | +20 42.4 | 3054 
Caltech Submillimeter Obs. R_ | Hilo/Mauna Kea, Hawaii —155 28.5 | +19 49.3 | 4072 
Canada-France—Hawaii Tel. Corp. I Hilo/Mauna Kea, Hawaii —155 28.1 | +19 49.5 | 4204 
Gemini North Obs. Hilo/Mauna Kea, Hawaii —155 28.1 | +19 49.4 | 4213 
Joint Astronomy Centre R,I | Hilo/Mauna Kea, Hawaii —155 28.2 | +19 49.3 | 4198 
LURE Obs. JL Kahului/Haleakala, Maui —156 15.5 | +20 42.6] 3049 
Mauna Kea Obs. I Hilo/Mauna Kea, Hawaii —155 28.2 | +19 49.4 | 4214 
Mauna Loa Solar Obs. Hilo/Mauna Loa, Hawaii —155 34.6] +19 32.1 | 3440 
Subaru Tel. Hilo/Mauna Kea, Hawaii —155 28.6} +19 49.5] 4163 
Submillimeter Array (SMA) R_ | Hilo/Mauna Kea, Hawaii —155 28.7 | +19 49.5 | 4080 
W.M. Keck Obs. Hilo/Mauna Kea, Hawaii —155 28.5 | +19 49.6] 4160 
Illinois 
Dearborn Obs. Evanston — 87 40.5 | +42 03.4 i105) 
Indiana 
Goethe Link Obs. Brooklyn = 86 23.7 | +39 33.0 300 
Iowa 
Erwin W. Fick Obs. Boone — 93 56.5 | +42 00.3 332 
Grant O. Gale Obs. Grinnell — 92 43.2| +41 45.4 318 
North Liberty Radio Obs. R_ | North Liberty — 91 34.5 | +41 46.3 241 
Univ. of Iowa Obs. Riverside — 91 33.6) +41 30.9 221 
Kansas 
Clyde W. Tombaugh Obs. Lawrence — 95 15.0} +38 57.6 323 
Zenas Crane Obs. Topeka — 95 41.8 | +39 02.2 306 
Kentucky 
Moore Obs. Brownsboro — 85 31.8} +38 20.1 216 
Maryland 
GSFC Optical Test Site Greenbelt — 76 49.6 | +39 01.3 53 
Maryland Point Obs. R_ | Riverside — 77 13.9 | +38 22.4 20 
Univ. of Maryland Obs. R_ | College Park — 76 57.4] +39 00.1 53 
Massachusetts 
Five College Radio Ast. Obs. R_ | New Salem — 72 20.7 | +42 23.5 314 
George R. Wallace Jr. Aph. Obs. Westford — 71 29.1 | +42 36.6 107 
Harvard—Smithsonian Ctr. for Aph. R_ | Cambridge — 71 07.8 | +42 22.8 24 
Haystack Obs. R_ | Westford — 71 29.3 | +42 37.4 146 
Hopkins Obs. R_ | Williamstown — 73 12.1 | +42 42.7 215 
Judson B. Coit Obs. Boston — 71 06.3 | +42 21.0 | —— 
Maria Mitchell Obs. Nantucket — 70 06.3 | +41 16.8 20 
Millstone Hill Atm. Sci. Fac. R_ | Westford — 71 29.7 | +42 36.6 146 
Millstone Hill Radar Obs. R_ | Westford — 71 29.5 | +42 37.0 156 
Oak Ridge Obs. R_ | Harvard — 71 33.5 | +42 30.3 185 
Sagamore Hill Radio Obs. R_ | Hamilton — 70 49.3 | +42 37.9 38) 
The Clay Center Brookline — 71 08.0 | +42 20.0 47 
Westford Antenna Facility R_ | Westford — 71 29.7] +42 36.8 115 
Whitin Obs. Wellesley — 71 18.2 | +42 17.7 32 
Michigan 
Brooks Obs. Mount Pleasant — 84 46.5] +43 35.3 258 
Michigan State Univ. Obs. East Lansing — 84 29.0} +42 42.4 274 
Univ. of Mich. Radio Ast. Obs. R_ | Dexter — 83 56.2] +42 23.9 345 
Minnesota 
O’Brien Obs. Marine—on-St. Croix — 92 46.6 | +45 10.9 308 
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if : 
Observatory Name Location Longitide vate | a 
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USA, cont. 
Missouri 

Morrison Obs. Fayette — 92 41.8 | +39 09.1 228 
Nebraska 

Behlen Obs. Mead — 96 26.8 | +41 10.3 362 
Nevada 

MacLean Obs. Incline Village —119 55.7 | +39 17.7 | 2546 
New Hampshire 

Shattuck Obs. Hanover — 72 17.0 | +43 42.3 183 
New Jersey 

Crawford Hill Obs. Holmdel — 74 11.2 | +40 23.5 114 

FitzRandolph Obs. Princeton — 74 38.8 | +40 20.7 43 
New Mexico 

Apache Point Obs. Sunspot —105 49.2 | +32 46.8} 2781 

Capilla Peak Obs. Albuquerque/Capilla Peak —106 24.3 | +34 41.8] 2842 

Corralitos Obs. Las Cruces —107 02.6 } +32 22.8) 1453 

Joint Obs. for Cometary Research Socorro/South Baldy Peak = 107 11:3 || +3365918| "3235 

National Radio Ast. Obs. Socorro — 107 37.1 | +34 04.7 | 2124 

National Solar Obs. Sunspot —105 49.2 | +32 47.2} 2811 

New Mexico State Univ. Obs. Sta. Las Cruces/Blue Mesa — 107 09.9 | +32 29.5 | 2025 

New Mexico State Univ. Obs. Sta. Las Cruces/Tortugas Mtn. —106 41.8 | +32 17.6] 1505 
New York 

C.E. Kenneth Mees Obs. Bristol Springs — 77 24.5 | +42 42.0 701 

Hartung—Boothroyd Obs. Ithaca — 76 23.1 | +42 27.5 534 

Rutherfurd Obs. 26 — 73 57.5 | +40 48.6 25 

Syracuse Univ. Obs. Syracuse — 76 08.3 | +43 02.2 160 
North Carolina 

Dark Sky Obs. Boone — 81 24.7 | +36 15.1 926 

Morehead Obs. Chapel Hill — 79 03.0 | +35 54.8 161 

Pisgah Ast. Rsch. Inst. (PARI) Rosman — 82 52.3 | +35 12.0 892 

Three College Obs. Saxapahaw — 79 244) +35 56.7 183 
Ohio 

Cincinnati Obs. Cincinnati — 84 25.4 | +39 08.3 247 

Nassau Ast. Obs. Montville — 81 04.5] +41 35.5 390 

Perkins Obs. Delaware — 83 03.3 | +40 15.1 280 

Ritter Obs. Toledo — 83 36.8] +41 39.7 201 
Pennsylvania 

Allegheny Obs. Pittsburgh — 80 01.3 | +40 29.0 380 

Black Moshannon Obs. State College/Rattlesnake Mtn. — 78 00.3 | +40 55.3 738 

Bucknell Univ. Obs. Lewisburg — 76 52.9; +40 57.1 170 

Flower and Cook Obs. Malvern — 75 29.6 | +40 00.0 155 

Kutztown Univ. Obs. Kutztown — 75 47.1 | +40 30.9 158 

Sproul Obs. Swarthmore — 75 21.4) #391543 63 

Strawbridge Obs. Haverford — 75 18.2 | +40 00.7 116 

The Franklin Inst. Obs. Philadelphia — 75 10.4} +39 57.5 30 

Villanova Univ. Obs. Villanova — 75 20.5 | +40 02.4 | —— 
Rhode Island 

Ladd Obs. Providence — 71 24.0] +41 50.3 69 
South Carolina 

Melton Memorial Obs. Columbia — 81 01.6 | +33 59.8 98 

Univ. of S.C. Radio Obs. Columbia — 81 01.9 | +33 59.8 127 
Tennessee 

Arthur J. Dyer Obs. Nashville — 86 48.3 | +36 03.1 345 


OBSERVATORIES, 2009 J19 
Observatory Name Location tear de | Latitude ae 
fe) 

USA, cont. ai : 
Texas 

George R. Agassiz Sta. R_ | Fort Davis — 103 56.8 | +30 38.1 1603 

McDonald Obs. L_ | Fort Davis/Mt. Locke - 104 01.3 | +30 40.3 | 2075 

Millimeter Wave Obs. R_ | Fort Davis/Mt. Locke — 104 01.7 | +30 40.3 | 2031 
Virginia 

Leander McCormick Obs. Charlottesville — 78 31.4 | +38 02.0 264 

Leander McCormick Obs. Sta. Charlottesville/Fan Mtn. — 78 41.6 | +37 52.7 566 
Washington 

Manastash Ridge Obs. Ellensburg/Manastash Ridge — 120 43.4} +46 57.1 1198 
West Virginia 

National Radio Ast. Obs. R_ | Green Bank — 79 50.5 | +38 25.8 836 

Naval Research Lab. Radio Sta. R_ | Sugar Grove — 79 16.4 | +38 31.2 705 
Wisconsin 

Pine Bluff Obs. Pine Bluff — 89 41.1 | +43 04.7 366 

Thompson Obs. Beloit — 89 01.9} +42 303 SS) 

Washburn Obs. Madison — 89 24.5 | +43 04.6 292 

Yerkes Obs. Williams Bay — 88 33.4] +42 34.2 334 
Wyoming 

Wyoming Infrared Obs. I | Jelm/Jelm Mtn. —105 58.6 | +41 05.9 | 2943 
Uruguay 

Los Molinos Ast. Obs. Montevideo — 56 11.4 | —34 45.3 110 

Montevideo Obs. Montevideo — 56 12.8 | —34 54.6 24 
Uzbekistan 

Maidanak Ast. Obs. Kitab/Mt. Maidanak + 66 54.0] +38 41.1 | 2500 

Tashkent Obs. Tashkent + 69 17.6| +41 19.5 477 

Uluk—Bek Latitude Sta. Kitab + 66 52.9 | +39 08.0 658 
Vatican City State 

Vatican Obs. Castel Gandolfo + 12 39.1] +41 448 450 
Venezuela 

Cagigal Obs. Caracas — 66 55.7] +10 30.4} 1026 

Llano del Hato Obs. Mérida — 70 52.0} + 8 47.4} 3610 
Yugoslavia 

Belgrade Ast. Obs. Belgrade, Serbia + 20 30.8 | +44 48.2 253 


m.s.l. = mean sea level 
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TABLES AND DATA 


CONTENTS OF SECTION K 


Conversion for pre-January and post-December dates 
Julian Day Numbers 
A.D. 1950-2000 
A.D. 2000-2050 

A.D. 2050-2100 ee 
Julian Dates of Gregorian Calendar Dates 
Selected Astronomical Constants 
Reduction of Time Scales 


1620-1889 
From 1890 


Coordinates of the celestial pole (ITRS) 

Reduction of terrestrial coordinates 
Reduction from geodetic to geocentric coordinates 
Other geodetic reference systems 
Astronomical coordinates 

Interpolation methods Lee emt: 
Bessel’s interpolation formula 
Inverse interpolation 
Coefficients for Bessel’s interpolation formula 
Examples of interpolation methods 


Subtabulation 


Vectors and matrices 


This symbol indicates that these data or auxiliary mater- 
ial may be found on The Astronomical Almanac Online 
at http://asa.usno.navy.mil and http://asa.hmnao.com 


CONVERSION FOR PRE-JANUARY AND POST-DECEMBER DATES 


Equivalent Equivalent Equivalent Equivalent 
Tabulated Date in Tabulated Date in Tabulated Date in Tabuiated Date in 
Date Previous Date Previous Date Subsequent Date Subsequent 
Year Year Year Year 
Jan. — 39 Nov. 22 Jan. — 19 Dec, 12 Decrsz Jan. 1 iDYexe), SY? Jan. 21 
— 38 23 —18 13 33 2 59 D2, 
— 37 24 —17 14 34 3 54 23 
— 36 25 —16 15 35 4 55 24 
—35 26 —15 16 36 5 56 De 
Jan. — 34 Nov. 27 Jan. — 14 Dec. 17 Dec. 37 Jan. 6 Dec. 57 Jan. 26 
— 33 28 —13 18 38 di 58 DG 
— 32 29 —12 19 39 8 59 28 
—31 30 —l1 20 40 9 60 29 
— 30 1 —10 wl 41 10 61 30 
Jan. — 29 Decwez Jan. — 9 Dec, 22 Dec. 42 Jan. 11 Dec. 62 Jan. 31 
— 28 3 — 8 23 43 12 63 Feb. 1 
—27 4 — 7 24 44 13 64 2 
— 26 5 — 6 DS) 45 14 65 3 
—25 6 — 5 26 46 15 66 4 
Jan. — 24 Dec 7 Jan.— 4 Dec. 27 Dec. 47 Jan. 16 Dec. 67 |=] ous) 
—23 8 — 3 28 48 il 68 6 
—22 9 — 2 29 49 18 69 7 
—21 10 — 1 30 50 19 70 8 
— 20 11 Jan. 0 Dec 31 51 20 71 9 


K2 


Jan. 0 


243 3282 
3647 
4012 


243 5108 


243 6934 


243 8761 


243 9856 
244 0222 


244 0587 


244 2413 


244 4239 


244 6066 


244 7892 


244 9718 
245 0083 


JULIAN DAY NUMBER, 1950-2000 


OF DAY COMMENCING AT GREENWICH NOON ON: 


Feb. 0 


3313 
3678 
4043 
4409 
4774 


5139 
5504 
5870 
6235 
6600 


6965 


Mar. 0 


3341 
3706 
4072 


Apr. 0 


SL) 
SSH 
4103 
4468 
4833 


May 0 


3402 
3767 
4133 


June 0 


3433 
3798 
4164 
4529 
4894 


July 0 


3463 
3828 
4194 
4559 
4924 


5289 
5655 
6020 


Sept. 0 


3525 
3890 
4256 
4621 
4986 


S55 il 
5717 
6082 


*0022 
0388 
0753 
1118 
1483 


1849 


Jan. 0 


245 1544 
1910 
2275 
2640 
3005 


245 3371 


245 5197 


245 7023 


245 8849 


245 9945 
246 0310 


246 0676 


246 2502 


246 4328 


246 6154 


246 7981 


246 9807 


JULIAN DAY NUMBER, 2000-2050 


OF DAY COMMENCING AT GREENWICH NOON ON: 


Feb. 0 


1575 
1941 
2306 


Mar.0 Apr. 0 
1604 =1635 
1969 2000 
2334 2365 
2699 2730 
3065 3096 
3430 =. 3346 1 
3795 = 3826 
4160 4191 
4526 4557 
4891 4922 
Dye) SAT 
5621 5652 
5987 6018 
6352 6383 
6717 6748 
7082 AS 
7448 7479 
7813 7844 
8178 8209 
8543 8574 
8909 8940 
9274 9305 
9639 9670 
*0004 *0035 
0370 0401 
0735 0766 
1100 1131 
1465 1496 
1831 1862 
2196 222i 
2561 2592 
2926 2957 
3292 3323 
3657 = 33688 
4022 4053 
4387 4418 
4753 4784 
5118 5149 
5483 5514 
5848 5879 
6214 6245 
6579 6610 
6944 6975 
7309 7340 
7675 7706 
8040 8071 
8405 8436 
8770 8801 
9136 9167 
9501 9532 
9866 9897 


May 0 


June 0 


1696 


July 0 


9988 


Aug.0 Sept.0 Oct. 0 


*0019 


1788 
2153 
2518 
2883 
3249 


3614 
S979 
4344 
4710 
5075 


5440 
5805 
6171 
6536 
6901 


7266 
7632 
ToT 
8362 
8727 


9093 
9458 
9823 
*0188 
0554 


0919 
1284 
1649 
2015 
2380 


2745 
3110 
3476 
3841 
4206 


4571 
4937 
5302 
5667 
6032 


6398 
6763 
7128 
7493 
7859 


*0050 


1818 
2183 
2548 
2913 
3279 


3644 
4009 
4374 
4740 
5105 


5470 
5835 
6201 
6566 
6931 


7296 


7662 
8027 


*0080 


K3 
Nov. 0 Dec. 0 
1849 1879 
2214 2244 
2579 2609 
2944 2974 
3310 3340 
3675 3705 
4040 4070 
4405 4435 
4771 4801 
5136 5166 
5501 5531 
5866 5896 
6232 6262 
6597 6627 
6962 6992 
7327 VERY) 
7693 Tai 23 
8058 8088 
8423 = 8453 
8788 8818 
9154 9184 
9519 9549 
9884 9914 
*0249 *0279 
0615 0645 
0980 1010 
1345 1375 
1710 1740 
2076 2106 
2441 2471 
2806 2836 
Siva 3201 
8537 sooo, 
3902 3932 
4267 4297 
4632 4662 
4998 5028 
5363 = 55393 
5728 5758 
6093 6123 
6459 6489 
6824 6854 
7189 7219 
7554 7584 
7920 7950 
8285 8315 
8650 8680 
9015 9045 
9381 9411 
9746 9776 
*Ol11 *0141 


K4 


Jan. 0 


246 9807 
247 0172 


247 1633 


247 3459 


247 5286 


247 7112 


247 8938 


247 9669 
248 0034 


248 0764 


248 2591 


248 4417 


248 6243 


248 8069 


JULIAN DAY NUMBER, 2050-2100 


OF DAY COMMENCING AT GREENWICH NOON ON: 


Mar. 0 


9866 
0231 
0231 
0597 
0962 
1327 


1692 
2058 


June 0 


9958 
0323 
0323 
0689 
1054 
1419 


1784 
2150 
Oails 


July 0 


9988 
0353 
0353 
0719 
1084 
1449 


1814 
2180 
2545 
2910 
3275 


Aug.0 Sept.0 Oct.0 Nov.0 Dec. 0 


*0019 
0384 


*0050 
0415 
0415 


*0080 


*O111 
0476 
0476 


JULIAN DATES OF GREGORIAN CALENDAR DATES K5 


The Julian date (JD) corresponding to any instant is the interval in mean solar days elapsed since 4713 
BC January 1 at Greenwich mean noon (12° UT). To determine the JD at 0" UT for a given Gregorian 
calendar date, sum the values from Table A for century, Table B for year and Table C for month; then 
add the day of the month. Julian dates for the current year are given on page B3. 


A. Julian date at January 0° 0" UT of centurial year 
Year 16007 1700 1800 1900 20007 2100 
Julian date 230 5447-5 234 1971-5 237 8495.5 241 5019-5 245 1544-5 248 8068-5 


y Centurial years that are exactly divisible by 400 are leap years in the Gregorian calendar. To determine the JD for 
any date in such a year, subtract | from the JD in Table A and use the leap year portion of Table C. (For 1600 and 
2000 the JDs tabulated in Table A are actually for January 14 0°.) 


B. Addition to give Julian date for January 0° 0° UT of year Examples 
Year Add Year Add Year Add Year Add 4 1981 November 14 

0 0 25 9131 50 18262 75 27393 

1 365 26 9496 51 18627 76* 27758 Table A 

2 730 27 9861 52* 18992 77 28124 1900 Jan. 0 241 5019-5 

3 1095 -28* 10226 53 «19358 += 78~—«28489 tates ‘i se a P 

4* 1460 29 10592 54 19723 79 28854 + Table C (n.y.) + 304 
1981 Nov. 0 244 4908.5 

5 1826 30 10957 55 20088  80* 29219 Ec Dayeotionibaae eames 

6reo2198 31 11322 56* 20453 81 29585 1981 Nov. 14 244.4922.5 

7 2556 32* 11687 57 20819 82 29950 

g* 2921 33 12053 58 21184 83 30315 b. 2000 September 24 

Sees 2sy 34. 12418 «= 5921549 = 84* +0680 va rene 

10 3652s 35.—«12783'~S'si(i«i*«21914 85310046 pean ze ee 

11 4017 36* 13148 61 22280 86 31411 5000 Jan-0 AS 1543-5 

12* 4382 37 13514 62 22645 87 31776 + Table B ey 

13. 4748 38 13879 «©«©663.—s« 23010—S-—s«88* = 32141 2000 Jan. 0 245 1543-5 

14 5113. 3914244 64* «23375 = 8932507 BON) ace 
2000 Sept. 0 245 1787-5 

15 5478 «=©40* 14609 65 23741 90 32872 + Day of Month + 24 

16* 5843 41 14975 66 24106 91 33237 2000 Sept. 24 245 1811-5 


V7 6209 42 15340 67 =24471 92* 33602 
18 6574 43 15705 68* 24836 93 33968 


c. 2006 June 21 


19 6939 44* 16070 69 25202 94 34333 Table A 

2000 Jan. 1 245 1544-5 
20* 7304 45 16436 70 25567 95 34698 + Table B TCH 
On| 7670 46 16801 71 25932 96* 35063 2006 Jan. 0 245 3735:5 


+TableC(ny.) + 151 
1 72* 26297 97 35429 
ce pas 2006 June 0 245 3886-5 


23 8400 48* 17531 73 26663 98 35794 + Day of Month + I 
24* 8765 49 17897 74 =27028 iy Shelley) 006 June 21 245 3907.5 


* Leap years 


C. Addition to give Julian date for beginning of month (0° 0" UT) 
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 


Normal year 0 31 59 90 WPA Ssh LSI 22 243, 273 «69304 = 334 
Leap year 0 31 60 9] 121 Wye ey RI 244 274 305 335 


WARNING: prior to 1925 Greenwich mean noon (i.e. 12° UT) was usually denoted by 0° GMT in 
astronomical publications. 


Conversions between Calendar dates and Julian dates may be performed using the USNO utility which 
is located under “Data Services” on their website (see AsA-Online for the link). 


K6 ASTRONOMICAL CONSTANTS 


Selected Astronomical Constants 


Units: 
The units meter (m), kilogram (kg), and SI second (s) are the units of length, mass and time in the 
International System of Units (SI). 


The astronomical unit of time is a time interval of one day (D) of 86400 seconds. An interval of 
36525 days is one Julian century. The astronomical unit of mass is the mass of the Sun (S). The 
astronomical unit of length is that length (A) for which the Gaussian gravitational constant (k) takes the 
value 0-017 202 098 95 when the units of measurement are the astronomical units of length, mass and 
time. The dimensions of k? are those of the constant of gravitation (G), i.e., A2>S~!D~. 


Some constants from the JPL DE405 ephemeris are consistent with TDB seconds (see page L2). For 
these quantities both TDB and SI compatible values are given, which are indicated in brackets. 


Quantity Symbol, Value(s), [Uncertainty ] Refs. | 
Defining constants: | 
1 | Gaussian gravitational constant k = 0-017 202 098 95 IE 
| 2 | Speed of light c = 299 792 458 ms! CEJA 
3 | Le Lo = 6-969 290 134 x 10719 IE 
4|Lp, Lg = 1-550 519 767 72 x 1078 Io6 E 
if 
Other consants and quantities: 
>| Le Le = 1-480 826 867 41 x 10-8 IE 
[2x 10-7) 
6 | Light-time for unit distance | Ta = 4992004 783 806 1 (TDB) JEA 
= 499°004 786 385 2 (SI 
[2 x 10>°] 
1/ta = 173-144 632 684 7 au/d (TDB) 
7 | Unit distance, =| A = CEA 
astronomical unit in metres = 149 597 870 691 m (TDB) JE 
= 149 597 871 464 m (SI) 
[6] 
——E — 
8 | Equatorial radius for Earth ae = 6 378 136-6 m GEA 
[0-10] 
9 | Flattening factor for Earth f = 0-003 352 8197 = 1/298-256 42 GEA 
[1/0-00001] 
10 | Dynamical form-factor for the Earth Jz = 0-001 082 635 9 GE 
i 10-7 
11 | Nominal mean angular velocity of w@ = 7:292 115 x 1075 rads~! LEG 
Earth rotation [variable] 
12 | Potential of the geoid Wo = 6-263 685 60 x 107 m*s~? GE 
[0-5] 
i + 
13 | Geocentric gravitational constant GE = 3-986 004 329 x 10!4 m3 s~? (TDB) JA 
= 3-986 004 391 x 10! m3 s~? (ST) 
= 3.986 004 418 x 10'4 m3 s~? GE 
[8 x 10°] 
L : JL 
14 | Heliocentric gravitational constant GS = A%k?/D? 
= 1-327 124 400 179 87 x 107° m3 s~? (TDB) JA 
= 1-327 124 420 76 x 10° m3 s~? (SI) E 
(5 5410") 
L 
15 | Constant of gravitation G = 6-674 28 x 107! m3 kg“! s~? ) e 
= 6:673. < 10) m ke- 4s = E 
[0-067 x 10~!3] and (1-05< 10522); respectively 


ASTRONOMICAL CONSTANTS K7 
Selected Astronomical Constants (continued) 
Ea : 
Quantity Symbol, Value(s), [Uncertainty] Refs. 
Other constants (continued): 
16 | General precession in longitude Pa = 5028796 195 per Julian century Io6 A P 
at J2000-0 = 5028"796 95 per Julian century Pe 
17 | Mean obliquity of the ecliptic €9 = 23° 26' 21406 = 84 381"406 Ig6 A 
at J2000-0 [00001 } 
= 23° 26’ 214059 = 84 381”4059 E 
= 23° 26! 21/448 = 84 381/448 ell I*] 
18 | Ratio: mass of Moon to that of the fe = 1/81-300 56 = 0-012 300 0383 Bd 
Earth (S'x 10512] 
fw Ratio: mass of Sun to that of the Earth | S/E = GS/GE = 332 946-050 895 J 
20 | Ratio: mass of Sun to that of the (S/E)/( +p) 
Earth + Moon = 328 900-561 400 J 
21 | Mass of the Sun S = (GS)/G = 1.9884 x 10°° kg 
22 | Constant of nutation N = 9/2052 331 at epoch J2000-0 I 
al Solar parallax Mo = sin! (ag/A) = 8/794 143 
24 | Constant of aberration k = 20495 51 at epoch J2000-0 
25 | Ratios of mass of Sun to masses of the planets: JPL DE405 Ephemeris (J) 
Mercury 6 023 600 Jupiter 1 047-3486 Pluto 135 200 000 
Venus 408 523-71 Saturn 3 497-898 
Earth + Moon 328 900-561 400 Uranus 22 902-98 
Mars 3 098 708 Neptune 19 412-24 
26 | Minor planet masses: mass in solar mass 
Hilton (H) JPL DE405 (J) 
1 Ceres 4:39 x 10710 +0-04 4-7 <10-° 
2 Pallas 1-59 x 10-10 +0-05 PO 5s1057 
4 Vesta 1-69 x 10719 +0-11 13.105" 


Masses of the larger natural satellites: mass satellite/mass of the planet (see pages F3, F5) 


27, 
Jupiter Io 4-70 x 1075 
Europa 253 x 10-5 
Ganymede 7-80 x 107° 
Callisto 5-67 x 10-5 


28 | Equatorial radii in km: Cartographic Coordinates (CC) and JPL DE405 Ephemeris (J) 


Saturn Titan Ni MNO: 
Uranus Titania 4-06 x 10-5 

Oberon 3-47 x 107° 
Neptune Triton 2-09 x 10~* 


COTA JPL 
Mercury 2 439-7 + 1-0 2 439-76 
Venus 6051-8 +1-0 6 052-3 
Earth 6 378-:14+40-01 | 6 378-137 
Mars 3 396:19 + 0-1 3397-55 


CGA: CCA 
Jupiter 71492+ 4 Pluto Ie BES 
Saturn 60268+ 4 
Uranus 25559+ 4 Moon (mean) 1 737:-4+1 
Neptune 24 764 + 15 Sun (I*) 696 000 


The list below gives the references (Refs.) which indicate where the constants has been used, quoted or derived 
from. The full references may be found at the end of Section L Notes and References, as well as on AsA-Online. 


A Constants used in this publication. 

C CODATA 2006. 106 
CC IAU/JIAG WGCCRE 2007. I 
E IERS Conventions 2003 (LAU 2000). I* 
G IAG XXII GA 1999, SC3. J 
H Hilton, ApJ., 1999. 12 


IAU XXV GA 2006. 

IAU XXIV GA 2000. 

IAU 1976. 

JPL DE405/LE405 Ephemeris. 
Capitaine, A&A 2003. 


K8 REDUCTION OF TIME-SCALES, 1620-1889 


AT = ET —UT 
Weare Al Year AT Neate AVE Veaie AVE Year Ae Near meAds 
Ss Ss s Ss Ss Ss 
1620-0 +124 1665-0 +32 1710-0 +10 1755-0 +14 1800-0 +13-7 1845.0 +6-3 
1621 +119 1666 +31 1711 +10 1756 +14 1801 +13-4 1846 +46-5 
1622 +115 1667 +30 1712 +10 1757 +14 1802 +13-1 1847 +6-6 
1623 +110 1668 +28 1713 =+10 1758 +15 1803 +12-9 1848 +6-8 
1624 +106 1669 +27 1714 +10 1759 +15 1804. +12-7 1849 +6.9 
1625-0 +102 1670-0 +26 1715-0 +10 1760-0 +15 1805-0 +12-6 1850-0 +7-1 
1626 + 98 1671 +25 1716 §=+10 1761 +15 1806 +12-5 1851 9 =+7-2 
1627 + 95 1672 +24 1717's +11 1762 +15 1807 +12-5 1852. 47:3 
1628 + 91 1673 +23 1718 +11 1763 +15 1808 +12-5 1853. +7-4 
1629 + 88 1674 +22 1719 =+11 1764 +15 1809 =+12-5 1854 7-5 
1630-0 + 85 1675-0 +21 1720-0 +11 1765.0 +16 1810-0 +12-5 1855-0 +7-6 
1631 + 82 1676 +20 1721 +411 1766 +16 1811 +12-5 1856 947-7 
1632 + 79 1677 +19 1722) «+411 1767 +16 1812 +12-5 1857) -++-7-7 
1633. + 77 1678 +18 1723. +11 1768 +16 1813. 412-5 1858 = =+7-8 
1634 + 74 1679 +17 1724 +11 1769 +16 1814 +12-5 1859 +7-8 
1635-0 + 72 1680-0 +16 1725-0 +11 1770-0 +16 1815-0 +12-5 1860.0 +7-88 
1636 + 70 1681 +15 1726 =6+411 1771 +16 1816 +12-5 1861 +7-82 
1637. + 67 1682 +14 1727. +11 1772 +16 1817. +12-4 1862 +7-54 
1638 + 65 1683 +14 1728 «+11 1773 +16 1818 412-3 1863 +6-97 
1639 + 63 1684 +13 1729 +11 1774 +16 1819 412.2 1864 +6-40 
1640.0 + 62 1685-0 +12 1730-0 +11 1775-0 +17 1820-0 +12-0 1865-0 +6-02 
1641 + 60 1686 +12 1731 +11 1776 =6+17 1821 9 +11-7 1866 +5-41 
1642 + 58 1687 +11 1732 +11 1777 Ss +17 1822 +11-4 1867 +4-10 
1643 + 57 1688 +11 1733 +11 1778 +17 1823 +11-1 1868 +2-92 
1644 + 55 1689 +10 1734 +12 1779 =+17 1824 +10-6 1869 +1-82 
1645-0 + 54 1690-0 +10 1735-0 +12 1780-0 +17 1825.0 +10-2 1870-0 +1-61 
1646 + 53 1691 +10 1736 =6+12 1781) +17 1826 + 9-6 1871 +0-10 
1647 + 51 1692 +9 1737 +12 1782. +17 1827. + 9-1 1872 —1-02 
1648 + 50 1693 +9 1738 =6+12 1783. +17 1828 + 8-6 1873 —1-28 
1649 + 49 1694 +9 1739 +12 1784 +17 1829 + 8.0 1874 —2.69 
1650-0 + 48 1695-0 + 9 1740-0 +12 1785-0 +17 1830-0 + 7-5 1875-0 —3.24 
1651 + 47 1696 +9 1741 +12 1786 +17 1831 + 7-0 1876 —3-64 
1652 + 46 1697 +9 1742 +12 1787 =+17 1832 + 6-6 1877 —4.54 
1653. + 45 1698 +9 1743, +12 1788 +17 1833 + 63 1878 —4.7] 
1654 + 44 1699 +9 1744 +13 1789 +17 1834 + 6-0 1879 —5-11 
1655-0 + 43 1700-0 + 9 1745.0 +13 1790-0 +17 1835-0 + 5-8 1880-0 —5-40 
1656 + 42 1701 +9 1746 +13 1791 +17 1836 t+ 5-7 1881 —5-42 
1657 + 41 1702 +9 1747) +13 1792 +16 1837 + 5-6 1882. —5-20 
1658 + 40 1703 +9 1748 +13 1793 +16 1838 + 5-6 1883 —5-46 
1659 + 38 1704 +9 1749 +13 1794 +16 1839 + 5-6 1884 —5-46 
1660-0 + 37 1705-0 + 9 1750-0 +13 1795-0 +16 1840-0 + 5-7 1885-0 —5-79 
1661 + 36 1706 +9 1751 +14 1796 =+15 1841 + 5-8 1886 —5-63 
1662 + 35 1707 +9 1752 +14 1797 +15 1842 + 5-9 1887 —5-64 
1663 + 34 1708 +10 1753 +14 1798 +14 1843 + 6-1 1888 —5-80 
1664-0 + 33 1709-0 +10 1754-0 +14 1799.0 +14 1844-0 + 6.2 1889-0 —5-66 


For years 1620 to 1955 the table is based on an adopted value of —26"/cy for the tidal term (7) in the mean 
motion of the Moon from the results of analyses of observations of lunar occultations of stars, eclipses of the Sun, 
and transits of Mercury (see F. R. Stephenson and L. V. Morrison, Phil. Trans. R. Soc. London. 1984, A 313, 47-70) 


To calculate the values of AT for a different value of the tidal term (n'), add 
—0-000 091 (n’ + 26) (year — 1955)? seconds 
to the tabulated value of AT 


Year 


1890-0 
1891 
1892 
1893 
1894 


1895.0 
1896 
1897 
1898 
1899 


1900-0 
1901 
1902 
1903 
1904 


1905-0 
1906 
1907 
1908 
1909 


1910-0 
1911 
1912 
1913 
1914 


1915-0 
1916 
1917 
1918 
1919 


1920-0 
1921 
1922 
1923 
1924 


1925-0 
1926 
1927 
1928 
1929 


1930-0 
1931 
1932 
1933 
1934-0 


From 1990 onwards, AT is for January 1 0° UTC. 


REDUCTION OF TIME-SCALES FROM 1890 


1890-1983, AT = ET — UT 
1984-2000, AT = TDT — UT 
From 2001, AT = TT — UT 


ANSI 


Sy 
— 6.01 
— 6.19 
— 6-64 
= 6-44 


= 647 
— 6.09 
= 15-16 
— 4.66 
= O74 


50277) 
Se-54 
10:02 
1-24 
2-64 


+ 

+ 

+ 3-86 
28 ey) 
+ 6:14 
+ 795 
29513 


+10-46 
+11-53 
+13-36 
+14-65 
+16-01 


+17-20 
+18-24 
+19-06 
+20:-25 
+20-95 


+21-16 
Pa) 
+22-4] 
+23-03 
+23-49 


+23-62 
+23-86 
+24-49 
+24-34 
+24-08 


+24-02 
+24-00 
+23-87 
+23-95 
+23-86 


Year 


1935-0 
1936 
1937 
1938 
1939 


1940-0 
1941 
1942 
1943 
1944 


1945.0 
1946 
1947 
1948 
1949 


1950-0 
1951 
1952 
1953 
1954 


1955-0 
1956 
1957 
1958 
1959 


1960-0 
1961 
1962 
1963 
1964 


1965.0 
1966 
1967 
1968 
1969 


1970-0 
1971 
1972 
1973 
1974 


1975-0 
1976 
1977 
1978 
1979.0 


AT 


Ss 
+23-93 
+23-73 
+23-92 
+23-96 
+24-02 


+24.33 
+24-83 
+25-30 
+25-70 
+26-24 


+26-77 
+27-28 
+27-78 
+28-25 
+28-71 


+29-15 
+29-57 
+29-97 
+30:36 
+30-72 


+31-07 
+31-35 
+31-68 
+32-18 
+32-68 


+33-15 
+33-59 
+34-00 
+34-47 
+35-03 


+35-73 
+36-54 
+37-43 
+38-29 
+39-20 


+40-18 
441-17 
+42.23 
443.37 
+44.49 


445.48 
+46-46 
447-52 
448-53 
449.59 


Year 


1980.0 
1981 
1982 
1983 
1984 


1985-0 
1986 
1987 
1988 
1989 


1990-0 
1991 
1992 
1993 
1994 


1995.0 
1996 
1997 
1998 
1999 


2000-0 
2001 
2002 
2003 
2004 


2005-0 
2006 
2007 


AT 


+50-54 
+51-38 
+52:17 
+52-96 
aro 


+54-34 
+54-87 
ares? 
+55-82 
+56:30 


+56:86 
+57:57 
+5831 
+59-12 
+59-98 


+60-78 
+61-63 
+62:29 
+62:97 
+63-47 


+63-83 
+6409 
+64-30 
+64-47 
+64-57 


+64-69 
+64-85 
+65-15 


Extrapolated 
Values 


Year AT 


2008 +065-5 
2009 +66-1 
2010 +66-7 
2011 +67 
2012 +68 


See page B6 for a summary of the notation for time-scales. 


K9 
TAI — UTC 
Date AAT 

1972 Jan. 1 
1972 July 1 ine 
1973 Jan. 1 aa oe 
1974 Jan. 1 
1975 Jalil eae, 
1976 Jan. 1 aes, 
1977 Jan. 1 416-00 
1978 Jan. 1 417.00 
1979 Jan. 1 418-00 
1980 Jan. 1 419.00 
1981 July 1 
1982 July 1 cee 
1983 uly 77 ee 
1985 July 1 a 
1988 Jan. 1 es 
1990 Jan 1 oe oy 
1991 Jan. 1 426.00 
1992 July 1 
1993 July 1 eS 
ig uy 
1996 Jan. 1 pee 
1997 July 1 
1999 Jan. 1 a 
2006 Jan. 1 

+33-00 


In critical cases descend 


AET 
ATT 


= AAT + 32°184 


K10 COORDINATES OF THE CELESTIAL POLE 
WITH RESPECT TO THE INTERNATIONAL TERRESTRIAL REFERENCE SYSTEM (ITRS) 
Date x y ~ } a y x y 
1970 1980 1990 2000 
A wt A Wt A Nv A W 
Jan. | —0-:140 +0-144 +0-:129 +0-251 —0-132 +0-165 +0-043 +0-378 
Apr. | —0-097 +0-397 +0-014 +0-189 —0-154 +0-469 +0:075 +0-346 
July | +0-139 +0-405 —0:044 +0-280 +0:161 +0-542 +0-:110 +0-280 
Oct. 1 +0:174 +0-125 —0-006 +0-338 +0:297 +0-243 —0-006 +0-247 
1971 1981 1991 2001 
Jan. | —0-081 +0-026 +0:056 +0-361 +0-023 +0-069 —0-073 +0-400 
Apr. | —0-199 +0-313 +0-088 +0-285 —0-217 +0-281 +0-091 +0-490 
July | +0-050 +0-523 +0:075 +0-209 —0-033 +0-560 +0-254 +0-308 
Oct. | +0:249 +0-263 —0-045 +0-210 +0-250 +0-436 +0:065 +0-118 
1972 1982 1992 2002 
Jan. 1 40-045 +0-050 ~0.091 40-378 40-182 +0-168 -0-177 40-294 
Apr. 1 —0-180 +0-174 +0:093 +0-431 —0.083 +0-162 ~0.031 +0-541 
July 1 —0-031  +0.409 +0-231 +0-239 -0-142 +0-378 40-228 +0-462 
Oct. 1 40-142 +0.344 +0:036 +0-060 40.055 +0-503 40-199 +0-200 
1973 1983 1993 2003 
Jan. 1 +0-129 +0-139 -0-211 40-249 +0:208 +0-359 ~0.088 +0-188 
Apr. 1 —0-035 +0-129 ~0.069 +0-538 40-115 +0-170 -0-133 +0:436 
July 1 0-075 +0-286 +0-269 +0-436 ~0.062 +0:209 40-131 +0-539 
Oct. 1 40-035 +0-347 40-235 +0-069 —0.095 +0-370 40-259 +0.304 
1974 1984 1994 2004 
Jan. 1 40-115 40-252 —0:125 +0-089 +0-010 +0-476 40-031 +0-154 
Apr. 1 40-037. +0-185 -0-211 +0-410 40-174 +0-391 -0:140 40-321 
July 1 40-014 +0-216 40-119 +0-543 +0:137 +0-212 0.008 +0-510 
Oct. 1 +0002 +0.225 40-313 -+0-246 —0-066 +0-199 +0-199 +0-432 
1975 1985 1995 2005 
Jan. 1 0.055 +0-281 40-051 +0.025 -0-154 +0-418 40-149 40.238 
Apr. 1 40-027 +0-344 -0:196 +0-220 +0-032 +0.558 —0-029 +0-243 
July 1 = 40-151 +0-249 —0-044  +0.482 +0-280 +0-384 —0-040 +0-397 
Oct. 1 +0-063 +0-115 +0-214 40-404 +0-138 +0-106 +0-059 +0-417 
1976 1986 1996 2006 
Jan. 1 0-145 +0.204 40-187 +0-072 ~0-176 +0-191 +0:053 +0-383 
Apr. | 0-091 +0.399 0.041 40-139 ~0-152  +0-506 +0-103 +0.374 
July 1 +0-159 40.390 -0.075 +0-324 40-179 +0-546 +0-128 +0-300 
Oct. 1 +0227 +0-158 +0-062 -+40-395 +0-267 -+0-227 +0-033 +0-252 
1977 1987 1997 2007 
Jan. 1 — —0-065 +0.076 +0:146 40.315 ~0.023 +0-095 ~0-049 +0-347 
Apr 1 —-=0.226 40-362 +0:096  +0-212 ~0-191 +0-329 +0:023  +0-479 
July | +0-085 +0-500 —0-003 +0-208 +0-019 +0-536 +0-209 +0-412 
Oct. 1 +0-281 +0-230 —0-:053 +0-295 +0-221 +0-379 
1978 1988 1998 
Jan. 1 +0-007 +0-015 ~0:023 +0-414 +0-103 +0-175 
Apr. 1 —0:231 +0-240 +0-134 -+0-407 -0-110 +0-252 
July 1 —0.042 40.483 40-171 40-253 ~0.068 +0-439 
Oct. | +0-236 +0-353 +0-011 +0-132 +0-125 +0-445 
1979 1989 1999 
Jan. 1 40-140 40-076 ~0:159 +0-316 +0-139 +0.296 
Apr. 1 =(:10% fogs +0-028 +0-482 +0-026 +0-241 
Jalyl 9) 66-117 240.451 +0:238 +0-369 —0-032 +0-310 
Oct. 1 — +0-092 +0.408 +0:167  +0-106 +0:006 +0-379 


The orientation of the ITRS is consistent with the former BIH system (and the previous IPMS 
and ILS systems). The angles, x y, are defined on page B84. From 1988 their values have 
been taken from the IERS Bulletin B, published by the IERS Central Bureau, Bundesamt fiir 
Kartographie und Geodasie, Richard-Strauss-Allee 11, 60598 Frankfurt am Main, Germany. 
Further information about IERS products may be found via AsA-Online. 
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Introduction 


In the reduction of astrometric observations of high precision it is necessary to distinguish 
between several different systems of terrestrial coordinates that are used to specify the positions 
of points on or near the surface of the Earth. The formulae on page B84 for the reduction for 
polar motion give the relationships between the representations of a geocentric vector referred 
to either the equinox-based celestial reference system of the true equator and equinox of date, 
or the Celestial Intermediate Reference System, and the current terrestrial reference system, 
which is realized by the International Terrestrial Reference Frame, ITRF2000 (Altamimi, 
Sillard and Boucher, J. Geophys. Res., 107(B10), 2214, 2002). Realizations of the ITRF have 
been published at intervals since 1989 in the form of the geocentric rectangular coordinates 
and velocities of observing sites around the world. ITRF2000 is a rigorous combination of 
space geodesy solutions from the techniques of VLBI, SLR, LLR, GPS and DORIS from some 
800 stations located at about 500 sites with better global distribution compared to previous 
ITRF versions. The ITRF2000 origin is defined by the Earth centre of mass sensed by SLR 
and its scale by SLR and VLBI solutions. The ITRF axes are consistent with the axes of the 
former BIH Terrestrial System (BTS) to within +0005, and the BTS was consistent with the 
earlier Conventional International Origin to within +0“’03 The use of rectangular coordinates is 
precise and unambiguous, but for some purposes it is more convenient to represent the position 
by its longitude, latitude and height referred to a reference spheroid (the term “spheroid” is 
used here in the sense of an ellipsoid whose equatorial section is a circle and for which each 
meridional section is an ellipse). The precise transformation between these coordinate systems 
is given below. The spheroid is defined by two parameters, its equatorial radius and flattening 
(usually the reciprocal of the flattening is given). The values used should always be stated 
with any tabulation of spheroidal positions, but in case they should be omitted a list of the 
parameters of some commonly used spheroids is given in the table on page K13. For work 
such as mapping gravity anomalies it is convenient that the reference spheroid should also 
be an equipotential surface of a reference body that is in hydrostatic equilibrium, and has 
the equatorial radius, gravitational constant, dynamical form factor and angular velocity of 
the Earth. This is referred to as a Geodetic Reference System (rather than just a reference 
spheroid). It provides a suitable approximation to mean sea level (i.e. to the geoid), but may 
differ from it by up to 100m in some regions. 


Reduction from geodetic to geocentric coordinates 


The position of a point relative to a terrestrial reference frame may be expressed in three 
ways: 


(i) geocentric equatorial rectangular coordinates, x, y, z; 
(ii) geocentric longitude, latitude and radius, A, ¢’, 9; 
(iii) geodetic longitude, latitude and height, A, ¢, h. 
Z-ax1S 


O is centre of Earth 
OA = equatorial radius, a 
OB = polar radius, b 
=a(1— f) 
OP = geocentric radius, ap 
PQo is normal to the reference spheroid 


QoQi = aS 
Q0Q2 = aC 
o@ = geodetic latitude 


g’ 


geocentric latitude 
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The geodetic and geocentric longitudes of a point are the same, while the relationship 
between the geodetic and geocentric latitudes of a point is illustrated in the figure on page 
K11, which represents a meridional section through the reference spheroid. The geocentric 
radius p is usually expressed in units of the equatorial radius of the reference spheroid. The 
following relationships hold between the geocentric and geodetic coordinates: 

x =apcos¢’cosa = (aC +h) cos¢ cosr 

y=apcos@¢’sindA = (aC +h) cos¢ sind 

La psig’ = (aS +h) sing 
where a is the equatorial radius of the spheroid and C and S are auxiliary functions that 
depend on the geodetic latitude and on the flattening f of the reference spheroid. The polar 
radius b and the eccentricity e of the ellipse are given by: 


biel \e Reif aatt eeaotie, ie = (aie 
It follows from the geometrical properties of the ellipse that: 
C=tcos. ¢4+0— fy single S=(1— fe 
Geocentric coordinates may be calculated directly from geodetic coordinates. The reverse 
calculation of geodetic coordinates from geocentric coordinates can be done in closed form 
(see for example, Borkowski, Bull. Geod. 63, 50-56, 1989), but it is usually done using an 
iterative procedure. 
An iterative procedure for calculating 4, ¢, h from x, y, z is as follows: 
Calculate: dA = tan!(y/x) r= (x? + yy? er=2f = f? 
Calculate the first approximation to ¢@ from: @ =tan '(z/r) 
Then perform the following iteration until @ is unchanged to the required precision: 
P=e C=(l—e’sin’ pg)? — g = tan“ (z+ aCe’ singy)/r) 
Then: h=r/cos¢—aC 


Series expressions and tables are available for certain values of f for the calculation of C 
and S and also of p and ¢ — ¢’ for points on the spheroid (h = 0). The quantity ¢ — ¢’ is 
sometimes known as the “reduction of the latitude” or the “angle of the vertical”, and it is 
of the order of 10’ in mid-latitudes. To a first approximation when h is small the geocentric 
radius is increased by h/a and the angle of the vertical is unchanged. The height h refers to 
a height above the reference spheroid and differs from the height above mean sea level (i.e. 
above the geoid) by the “undulation of the geoid” at the point. 


Other geodetic reference systems 


In practice most geodetic positions are referred either (a) to a regional geodetic datum that 
is represented by a spheroid that approximates to the geoid in the region considered or (b) to 
a global reference system, ideally the ITRF2000 or earlier versions. Data for the reduction 
of regional geodetic coordinates or those in earlier versions of the ITRF to ITRF2000 are 
available in the relevant geodetic publications, but it is hoped that the following notes and 
formulae and data will be useful. 


(a) Each regional geodetic datum is specified by the size and shape of an adopted spheroid 
and by the coordinates of an “origin point”. The principal axis of the spheroid is generally 
close to the mean axis of rotation of the Earth, but the centre of the spheroid may not coincide 
with the centre of mass of the Earth, The offset is usually represented by the geocentric 
rectangular coordinates (x9, yo, Zo) of the centre of the regional spheroid. The reduction from 
the regional geodetic coordinates (A, $, h) to the geocentric rectangular coordinates referred 
to the ITRF (and hence to the geodetic coordinates relative to a reference spheroid) may then 
be made by using the expressions: 


x =x + (aC +h) cos@cosr 
y=yt+(aC +h)cos¢sind 
Z= 2+ (aS +h) sing 
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(b) The global reference systems defined by the various versions of ITRF differ slightly due to 
an evolution in the multi-technique combination and constraints philosophy as well as through 
observational and modelling improvements, although all versions give good approximations 
to the ITRF2000 reference frame. The transformations from one ITRF system to ITRF2000 
involve coordinate and velocity translations, rotations and scaling (i.e. 14 parameters in all) 
and all of these are given in JERS Conventions (2003), TERS Technical Note 32, International 
Earth Rotation and Reference Systems Service, Central Bureau, Bundesamt fur Kartographie 
und Geodasie, Frankfurt, Germany. For example, translation parameters 7}, J) and 73 from 
ITRF2000 to ITRF97 are (+0-67, +0-61, —1-85) centimetres, with scale difference 1-6 parts 
per billion. 


The space technique GPS is now widely used for position determination. Since January 
1987 the broadcast orbits of the GPS satellites have been referred to the WGS84 terrestrial 
frame, and so positions determined directly using these orbits will also be referred to this 
frame, which at the level of a few centimetres is close to the ITRF. The parameters of the 
spheroid used are listed below, and the frame is defined to agree with the BIH frame. However, 
with the ready availability of data from a large number of geodetic sites whose coordinates 
and velocities are rigorously defined within ITRF2000, and with GPS orbital solutions also 
being referred by the International GPS Service analysis centres to the same frame, it is 
straightforward to determine directly new sites’ coordinates within ITRF2000. 


GEODETIC REFERENCE SPHEROIDS 


Equatorial Reciprocal of Gravitational © Dynamical Form Ang. Velocity 

Name and Date Radius, a Flattening, 1/f Constant, GM Factor, J2 of earth, w 
m 10m?s 2 10~>rad s7! 

WGS 84 637 8137 298-257 223563 3-986005 0-00108263 7-292 115 
MERIT 1983 F 8137 298-257 — — — 
GRS 80 (UGG, 1980)! 8137 298-257 222 3-986 005 0-00108263 7-292115 
IAU 1976 8140 298-257 3-986 005 0-001 082 63 — 
South American 1969 8160 298-25 -- a — 
GRS 67 (UGG, 1967) 8160 298-247 167 3-986 03 0-001 082 7 7-292 115 1467 
Australian National 1965 8160 298-25 — — — 
IAU 1964 8160 298-25 3-986 03 0-001 082 7 7-292 1 
Krassovski 1942 8245 298-3 —_ — — 
International 1924 (Hayford) 8388 297 — — a 
Clarke 1880 mod. 8249-145 293-4663 — — _ 
Clarke 1866 8206-4 294-978 698 _ — _ 
Bessel 1841 7397-155 299-152 813 -— — —— 
Everest 1830 7276-345 300-8017 — oa — 
Airy 1830 637 7563-396 299.324 964 _ — — 


TH. Moritz, Geodetic Reference System 1980, Bull. Géodésique, 58(3), 388-398, 1984. 


Astronomical coordinates 

Many astrometric observations that are used in the determination of the terrestrial coordinates 
of the point of observation use the local vertical, which defines the zenith, as a principal 
reference axis; the coordinates so obtained are called “astronomical coordinates”. The local 
vertical is in the direction of the vector sum of the acceleration due to the gravitational field 
of the Earth and of the apparent acceleration due to the rotation of the Earth on its axis. The 
vertical is normal to the equipotential (or level) surface at the point, but it is inclined to the 
normal to the geodetic reference spheroid; the angle of inclination is known as the “deflection 
of the vertical”. 

The astronomical coordinates of an observatory may differ significantly (e.g. by as much as 
1’) from its geodetic coordinates, which are required for the determination of the geocentric 
coordinates of the observatory for use in computing, for example, parallax corrections for solar 
system observations. The size and direction of the deflection may be estimated by studying the 
gravity field in the region concerned. The deflection may affect both the latitude and longitude, 
and hence local time. Astronomical coordinates also vary with time because they are affected 
by polar motion (see page B84). 


K14 INTERPOLATION METHODS 


INTRODUCTION AND NOTATION 


The interpolation methods described in this section, together with the accompanying tables, 
are usually sufficient to interpolate to full precision the ephemerides in this volume. Additional 
notes, formulae and tables are given in the booklets Interpolation and Allied Tables and 
Subtabulation and in many textbooks on numerical analysis. It is recommended that interpolated 
values of the Moon’s right ascension, declination and horizontal parallax are derived from the 
daily polynomial coefficients that are provided for this purpose on AsA-Online (see page D1). 


fp denotes the value of the function f(t) at the time t = fo + ph, where h is the interval of 
tabulation, fo is a tabular argument, and p = (ft — fo)/h is known as the interpolating factor. 
The notation for the differences of the tabular values is shown in the following table; it is 
derived from the use of the central-difference operator 5, which is defined by: 


ofp = fp 41/2 — fp-12 
The symbol for the function is usually omitted in the notation for the differences. Tables are 
given for use with Bessel’s interpolation formula for p in the range 0 to +1. The differences 
may be expressed in terms of function values for convenience in the use of programmable 
calculators or computers. 


Arg. Function Differences Differences in terms of Function Values 
Ist 2nd 3rd 4th 
29 = 52, j= Sr— fo 
83/9 83 3/9 55 = 81/9 = d_1/2 
ty f-1 a 5, =fi-—2fot+ fi 
dip Bip 6t+o,=h-fi- fot fs 
to fo 55 5 SP = 5 — § 
b1/9 8319 =o — 3 fut o fo, = St 
ty fri 5? 5} RS oD = Sp 
83/9 53/9 =f 4 fit O fo — 4a 
to Sf 53 boot =e odo t 2h at tla spf 


p = the interpolating factor = (t — to) /(t; — to) = (t—0)/h 


BESSEL’S INTERPOLATION FORMULA 
In this notation Bessel’s interpolation formula is: 
fp = fo + PS, )9 + Bo (85 + 85) + B38} 9 + By (55 +53) + °° 
where Bo=p(p—1)/4 B3=p(p—1)(p—}4)/6 
By = (p + 1) p(p — 1) (p —2)/48 


The maximum contribution to the truncation error of f,, for 0 < p < 1, from neglecting each 
order of difference is less than 0-5 in the unit of the end figure of the tabular function if 


be A 5° < 60 6* =.20 &> < 500. 


The critical table of By opposite provides a rapid means of interpolating when 5° is less than 
500 and higher-order differences are negligible or when full precision is not required. The 
interpolating factor p should be rounded to 4 decimals, and the required value of B» is then 
the tabular value opposite the interval in which p lies, or it is the value above and_to the right 
of p if p exactly equals a tabular argument. B is always negative. The effects of the third and 
fourth differences can be estimated from the values of B3 and By, given in the last column. 
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INVERSE INTERPOLATION 


Inverse interpolation to derive the interpolating factor p, and hence the time, for which 
the function takes a specified value f, is carried out by successive approximations. The first 
estimate p; is obtained from: 


Pi = (fp - fo)/81/ 


This value of p is used to obtain an estimate of B>, from the critical table or otherwise, and 
hence an improved estimate of p from: 


P= Pi — Br (8p +81) /1/2 
This last step is repeated until there is no further change in B> or p; the effects of higher-order 
differences may be taken into account in this step. 


CRITICAL TABLE FOR B, 


iD 189) p B ee D p By p Bo > Bs 
0-0000 0-1101 0-2719 0-7280 0-8898 0-0 0-000 
0-0020 ‘Aor | O-1152 ‘Qyc | 0-2809 por | 07366 Me | 08949 0% 1 o1 40.006 
0-0060 0-1205 0-2902 0-7449 0-9000 0.2 +0-008 

002 027 052 047 022 
0-0101 0-1258 0-3000 0-7529 0-9049 0.3 40-007 
003 028 053 046 021 
0-0142 0-1312 0-3102 0:7607 0-9098 0-4 +0-004 
004 029 054 045 020 
0:0183 “og. 01366 ‘p34 0-3211 ‘ps6 0:7683 “O44 0:9147 “p19 
0:0225 “hog 01422 03, DE ae. 0:7756 ‘o43 01098 ng 0-5 0-000 
0-0267 0-1478 0-3450 07828 0-9242 0-6 —0-004 
007 032 057 042 017 
0-0309 0-1535 0.3585 0-7898 0-9289 0.7 —0.007 
008 033 058 041 016 
0-0352 0.1594 0-3735 0-7966 0-9335 0-8 —0-008 
009 034 059 040 015 
0-0395 0-1653 0-3904 0-8033 0-9381 0-9 —0.006 
010 035 060 039 014 
0:0439 “oi OU ISE eae 0-4105 “h¢, 08098 ‘38 0:9427 “443 1-0 0.000 
0-0483 0:1775 0-4367 0-8162 0.9472 
012 037 062 037 012 jaded 
0-0527 0-1837 0-5632 0-8224 0-9516 
013 038 061 036 O11 0-0 0-000 
0-0572 0-1901 0-5894 0-8286 0-9560 
014 ~ 039 060 035 010 0-1 +0-004 
0-0618 0-1966 0-6095 0-8346 0.9604 
O15 040 059 034 009 0-2 +0-007 
0-0664 0-2033 0-6264 0-8405 0.9647 
016 041 058 033 008 0-3 +0-010 
0-0710 0-2101 0-64.14 0-8464 0-9690 
017 042 057 032 007 0-4 +0-011 
O07SI=ar. O2171) pis 0:6549 “ha. 0-8521 “3, W9732 se 
0-0804 0.2243 0-6673 0:8577 “-- 0-9774 0-5 +0-012 
019 044 055 030 005 
0-0852 0.2316 0-6788 0-8633 0-9816 
020 045 054 029 004 0-6 +0-011 
0-0901 0-2392 0-6897 0-8687 0-9857 
021 046 053 028 003 0-7 +0-010 
0-0950 0-2470 0-7000 0-8741 0-9898 
022 047 052 027 002 0-8 +0-007 
0-1000 0-2550 0-7097 0-8794 0-9939 
023 048 051 026 001 0-9 +0-004 
01050 “y54 0:2633 “y4o 0:7190 “he, 0:8847 “58 0.9979 ‘ng ot Ga 
0-1101 0-2719 0-7280 |_0-8898 1.0000 


In critical cases ascend. Bz is always negative. 
POLYNOMIAL REPRESENTATIONS 
It is sometimes convenient to construct a simple polynomial representation of the form 
fo=ataptap +a p +a p+: 
which may be evaluated in the nested form 
fp = (a4 p + a3) p + a2) p + a1) Pp + a0 


Expressions for the coefficients ao, a;, ... may be obtained from Stirling’s interpolation 
formula, neglecting fifth-order differences: 


a4 = 53/24 ay =86/2-a4 ay = fo 
This is suitable for use in the range —} i Oe +5, and it may be adequate in the range 
—2 < p < 2, but it should not normally be used outside this range. Techniques are available in 


the literature for obtaining polynomial representations which give smaller errors over similar 
or larger intervals. The coefficients may be expressed in terms of function values rather than 


differences. 
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EXAMPLES 


To find (a) the declination of the Sun at 16° 23™ 1488 TT on 1984 January 19, 
(b) the right ascension of Mercury at 17" 21™ 1688 TT on 1984 January 8, and (c) the 
time on 1984 January 8 when Mercury’s right ascension is exactly 18" 04™, 


Difference tables for the Sun and Mercury are constructed as shown below, where the 
differences are in units of the end figures of the function. Second-order differences are 
sufficient for the Sun, but fourth-order differences are required for Mercury. 


1984 Sun 1984 Mercury 
Jan. Dec. 5 & Jan. R.A. 5 eit eel 
° / a h m s 
18 —20 44 48-3 Cre lSalOMO 2 
+7212 —18709 
19 —20 32 47-1 +233 7 18 07 03-03 +4299 
+7445 —14410 —16 
20 —20 20 22-6 +230 8 18 04 38-93 +4283 —104 
+7675 —10127 —120 
21 —20 07 35-1 9 18 02 57-66 +4163 —76 
—5964 —196 
10 18 O01 58-02 +3967 
—1997 


11 18 01 38-05 


(a) Use of Bessel’s formula 
The tabular interval is one day, hence the interpolating factor is 0-68281. From the critical 
table, By = —0-054, and 


fp = —20° 32’ 4771 + 0-68281 (+744"5) — 0-054 (+23"3 + 23°0) 
= —20° 24’ 2172 
(b) Use of polynomial formula 
Using the polynomial method, the coefficients are: 
a4 = —1°04/24 = —0°043 a, = (—101°27 — 144°10)/2 + 02113 = —122°572 
a3 =(— 1720 — 07 16)/12 = 02113 ag = 185 + 278393 
ay = +42°83/2 + 0°-043 = +21°458 
where an extra decimal place has been kept as a guarding figure. Then with interpolating 
factor p = 0-72311 


fp = 18" + 278893 — 1228572 p + 218458 p* — 09113 p* — 08043 p* 
= 189103" 1746 
(c) Inverse interpolation 
Since f, = 18" 04™ the first estimate for p is: 
Pp, = (18" 04™ — 185 04™ 38893) /(—101827) = 0-38442 
From the critical table, with p = 0-3844, B. = —0-059. Also 
(55 + 81) /31/7 = (+42-83 + 41-63) /(—101-27) = —0-834 
The second approximation to p is: 
p = 0:38442 + 0-059 (—0-834) = 0-33521 which gives t = 8" 02™ 42°: 
as a check, using the polynomial found in (b) with p = 0-33521 gives 
fp 18) OF 0025: 
The next approximation is By = —0-056 and p = 0-38442 + 0-056(—0-834) = 0-33772 which 
gives t = 8" 06™ 19°: using the polynomial in (b) with p = 0-33772 gives 
fp = 187.03" 59808: 


INTERPOLATION METHODS K17 


SUBTABULATION 


Coefficients for use in the systematic interpolation of an ephemeris to a smaller interval are 
given in the following table for certain values of the ratio of the two intervals. The table is 
entered for each of the appropriate multiples of this ratio to give the corresponding decimal 
value of the interpolating factor p and the Bessel coefficients. The values of p are exact 
or recurring decimal numbers. The values of the coefficients may be rounded to suit the 
maximum number of figures in the differences. 


BESSEL COEFFICIENTS FOR SUBTABULATION 


se 
Ratio of intervals Bessel Coefficients 
1 1 i 1 1 1 
5 | SmMeAals Me ou Seek taal aeiieon | Satlae |) SP By B3 B4 
1] 0-025 —0-006094 0-00193 0-0010 
1 0-0416 —0-009983 0-00305 0-0017 
1 2 0-050 —0-011875 0:00356 0-0020 
3] 0-075 —0-017344 0-00491 0-0030 
1 2 0-0833 —0-019097 0-00530 0-0033 
1 2, 4 0-100 —0-022500 0-00600 0-0039 
1 3 || By) Osis —0-027344 0-00684 0-0048 
3 6 0-150 —0-031875 0:00744 0-0057 
1 2 4 0- 1666 —0-034722 0:00772 0-0062 
9 0-175 —0-036094 0-:00782 0-0064 
1 2 4 8] 0-200 —0-040000 0-00800 0-0072 
5 0-2083 —0-041233 0-00802 0-0074 
9 0-225 —0-043594 0-00799 0-0079 
1 2 BS IO. W250) —0-046875 0-00781 0-0085 
i O27 —0.049844 0-00748 0-0091 
Wd 0:2916 —0-051649 0-00717 0-0095 
3 6 12| 0-300 —0:052500 0-00700 0-0097 
13 0-325 —0-054844 0-00640 0-0101 
1 2 4 8 0-3333 —0-055556 0-00617 0-0103 
" 14 0-350 —0-056875 0-00569 0-0106 
3 PS) 0-375 —0-058594 0-00488 0-0109 
2 4 8 16 0-400 —0-060000 0-00400 0-0112 
5 10 0:4166 —0-060764 0-00338 0-0114 
17 0-425 —0-061094 0-00305 0-0114 
9 18 0-450 —0-061875 0-00206 0-0116 
11 0-4583 —0-062066 0:00172 0-0116 
19| 0-475 —0-062344 0-00104 0-0117 
| 2 3 Am 5 GF | LON 2520 0-500 —0-062500 0-00000 0-0117 
Di 103525 —0-062344 —0-00104 0-0117 
13 0-5416 —0-062066 —-0-00172 0-0116 
11 22 0-550 —0-061875 —0-00206 0-0116 
BS || O76 —0-061094 —0-00305 0-0114 
a 14 0-5833 —(0-060764 —0:00338 0:0114 
3 6 WD 24 0-600 —0-060000 —0:00400 0-0112 
5) ils) |) 5) 0-625 —0-058594 —0:00488 0-0109 
3 26 0-650 —0-056875 —0:00569 0-:0106 
» 4 8 16 0-6666 —0-055556 —0-00617 0-0103 
27| 0-675 —0-054844 —0-00640 0-0101 
7 14 28 | 0-700 —0-052500 —0-00700 0-0097 
17 0:7083 —0-051649 —0-00717 0-0095 
29 | 0-725 —0.049844 —0-00748 0-0091 
3 6 9|15]18] 30] 0-750 —0-046875 —0-00781 0-0085 
Sal OwT5 —0-043594 —0-00799 0-0079 
19 0-79 16 —0-041233 —0-00802 0-0074 
4 8 16 32 | 0-800 —0-040000 —0-00800 0-0072 
33 0-825 —0-036094 —0-00782 0-0064 
5 10 20 0)-8333 —0-034722 —0-00772 0-0062 
17 34 | 0-850 —0-031875 —0-00744 0-0057 
7 Mi | Bs |) OSS —0-027344. —0-00684 0-0048 
9 18 36 0.900 —0Q-022500 —0-00600 0-0039 
11 2D, 0-9166 —0:019097 —0:00530 0-0033 
37 0-925 —0-017344 —0-00491 0-0030 
19 38 0-950 —0-011875 —0-00356 0-0020 
28 0:9583 —0-009983 —0-00305 0-0017 
39 0-975 —0-006094 —0-00193 0-0010 


K18 VECTORS AND MATRICES 


The following are some useful formulae involving vectors and matrices. 


Position vectors 


Positions or directions on the sky can be represented as column vectors in a specific 
celestial coordinate system with components that are Cartesian (rectangular) coordinates. The 
relationship between a position vector r its three components r,, ry, rz, and its right ascension 
(a), declination (5) and distance (d) from the specified origin have the general form 


ry d cosa cosé a = tan! (ry/rx) 
r= | ry = | dssina cosd and 6 =tan! r/V(r2 2s rs) 
d sind d=|r=Vie+r+r) 


where a@ is measured counterclockwise as viewed from the positive side of the z-axis. A two- 
argument arctangent function (e.g.,atan2) will return the correct quadrant for a if ry) and r, 
are provided separately. The above is written in terms of equatorial coordiates (a, 5), however 
they are also valid, for example, for ecliptic longitude and latitude (A, 8) and geocentric (not 
geodetic) longitude and latitude (A, @). 


Unit vectors are often used; the unit vector fF is a vector with distance (magnitude) equal to 


one, and may be calculated thus; 
_ r 
r= — 


[r| 


For stars and other objects “at infinity” (beyond the solar system), d is often set to 1. 


Vector dot and cross products 


The dot or scalar product (r: r2) of two vectors r; and rz is the sum of the products of 
their corresponding components in the same reference frame, thus 


Wy: T2 =X % +1 Y2 + 21 Z2 


The angle (9) between two unit vectors rf; and Ff is given by 
Tf) -f) = cos @ 


Note, also, that the magnitude (d) of r is given by 
d=(r| = J/(r-r) = ee eS 


The cross or vector product (r; x rz) of two vectors r; and rp is a vector that is perpendicular 
to plane containing both r; and rp in the direction given by a right-handed screw, and 


Mal Ges Ve il 
bP ere fare elt 7s | ee) 
X1 (Yok = 2 4 


where r, and rz have column vectors (x), yj, 21) and (x2, y2, Z2), respectively. A cross product 
is not commutative since 
Yr) XM=—-Fro2 xr, 


The magnitude of the cross product of two unit vectors is the sine of the angle between them 
|r} x r>| = sind 
The vector triple product 
(r) X12) x r3 = (t+ 13) Fo — (t-43) ry 


is a vector in the same plane as r; and rz. Note the position of the brackets. The latter is used 
on page B67 in step 3 where rj = q, r2 = e and r3 = p. 
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Matrices and matrix multiplication 


The general form of a 3 x 3 matrix M used with 3-vectors is usually specified 


Mi; M2 M43 
M=| my my mz 
m3, M32 M33 


If each element of M (m;;) is the result of multiplying matrices A and B, i.e. M = A B, 


then M is calculated from 
3 Sark dia So ark di2 So ax dis 
Qn dai bj thus M= Yo ax ber > ax ben Yar bes 
k= 
De a3 Dx ~ a3x bx2 a 3x bx3 


where i = 1, 2,3, 7 = 1, 2,3 and k is summed from 1 to 3. Note that matrix multiplication is 
associative, i.e. A(BC) = (AB)C, but it is not commutative i.e. AB 4 BA. 


Rotation matrices 


The rotation matrix R,(¢), for n = 1,2 and 3 transforms column 3-vectors from one 
Cartesian coordinate system to another. The final system is formed by rotating the original 
system about its own n"*_axis (i.e. the x, y, or z-axis) by the angle , counterclockwise as 
viewed from the +x, +y or +z direction, respectively. 


The two columns below give R,(@) and its inverse R, '(p) (see below), respectively, 


1 0 0 i 0 0 
Ri (¢) = F cos b in| R; | (¢) = F cos b -sing | 
0 —sing cosd 0 sing cos @ 
cos@ 0 —sing 
Ro(¢) = 0 Tenel 0 


cos@ 0 o 
sing O cos d 


R@=| 0 lee 
—singd 0 cosd 

cos@ sing O 
Raia) =| -nd cos d 0| 


cos@ —sing o 
0 0 | 


Ri =| snd cos@ 0 
0 0 1 


Inverse rotation matrix: Matrices and any transformations such as precession, that are formed 
from products of rotational matricies are orthogonal; that is, the transpose R! (where rows are 
replaced by columns) equals the inverse, R~'. Therefore 


R’'R=R''R=I 
where I is the unit (identity) matrix. It is also worth noting the following relationships 
R,'(@) = R73 (6) =R,(-9) 
which is shown in the right-hand column above. Sometimes R! is denoted R’. 


Example: The transformation between a geocentric position with respect to the Geocentric 
Celestial Reference System rgcgs and a position with respect to the true equator and equinox 
of date r;, and vice versa, is given by: 
r, = NPB Faces 
BPN “!r, = B! [P! (NIN) PIB reeas 
Rearranging gives 
Poe bee Ne r= bP NY 


where B, P and N are the frame bias, precession and nutation matrices, respectively. Note that 
the order the transformations are applied is crucial. 
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NOTES AND REFERENCES L1 


This section specifies the sources for the theories and data used to construct the ephem- 
erides in this volume, explains the basic concepts required to use the ephemerides, and 
where appropriate states the precise meaning of tabulated quantities. Definitions of in- 
dividual terms appear in the Glossary (Section M). The Explanatory Supplement to the 
Astronomical Almanac, 1992, published by University Science Books, contains additional 
information about the theories and data used. 

The companion website The Astronomical Almanac Online provides, in machine- 
readable form, some of the information printed in this volume as well as closely related 
data. Two mirrored sites are maintained. The URL for the website in the United States is 
http://asa.usno.navy.mil and in the United Kingdom is http://asa.hmnao.com. The symbol 
Www is used throughout this edition to indicate that additional material can be found on 
The Astronomical Almanac Online. 

To the greatest extent possible, The Astronomical Almanac is prepared using stan- 
dard data sources and models recommended by the International Astronomical Union 
(IAU). The data prepared in the United States rely heavily on the US Naval Observa- 
tory’s NOVAS software package (http://aa.usno.navy.mil/software/novas/). Data prepared 
in the United Kingdom utilize the [AU Standards of Fundamental Astronomy (SOFA) li- 
braries (http://iau-sofa.hmnao.com/). Although NOVAS and SOFA were written indepen- 
dently, the underlying scientific bases are the same. Resulting computations typically are 
in agreement at the microarcsecond level. 


Fundamental Reference System 


The fundamental reference system for astronomical applications is the International 
Celestial Reference System (ICRS), as adopted by the [AU General Assembly in 1997 
(Resolution B2, Trans. JAU, XXIIIB, 1997). At the same time, the IAU specified that the 
practical realization of the ICRS in the radio regime is the International Celestial Reference 
Frame (ICRF), a space-fixed frame based on high accuracy radio positions of extragalac- 
tic sources measured by Very Long Baseline Interferometry (VLBI). (See Ma, C. et al., 
Astron. Jour., 116, 516-546, 1998.) The ICRS is realized in the optical regime by the Hip- 
parcos Celestial Reference Frame (HCRF), consisting of the Hipparcos Catalogue (ESA, 
1997) with certain exclusions (Resolution B1.2, Trans. IAU, XXIVB, 2000). Although 
the directions of the ICRS coordinate axes are not defined by the kinematics of the Earth, 
the ICRS axes (as implemented by the ICRF and HCRF) closely approximate the axes 
that would be defined by the mean Earth equator and equinox of J2000.0 (to within 0.1 
arcsecond). 

In 2000, the IAU defined a system of space-time coordinates for (1) the solar system, 
and (2) the Earth, within the framework of General Relativity, by specifying the form of 
the metric tensors for each and the 4-dimensional space-time transformation between them. 
The former is called the Barycentric Celestial Reference System (BCRS), and the latter, the 
Geocentric Celestial Reference System (GCRS) (Resolution B1.3, op. cit.). The ICRS can 
be considered a specific implementation of the BCRS; the ICRS defines the spatial axis 
directions of the BCRS. The GCRS axis directions are derived from those of the BCRS 
(ICRS); the GCRS can be considered to be the “geocentric ICRS,” and the coordinates of 
stars and planets in the GCRS are obtained from basic ICRS reference data by applying 
the algorithms for proper place (e.g., for stars, correcting the ICRS-based catalog position 
for proper motion, parallax, gravitational deflection of light, and aberration). 
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Precession-nutation Models 


The rotations from the GCRS to the “of date” system are described in Section B. For 
the 2006, 2007 and 2008 volumes, the expressions used for precession and nutation were 
based on the IAU 2000A Precession-Nutation Model, and are specifically those recom- 
mended by the IERS (ERS Conventions (2003), TIERS Tech. Note No. 32, ed. D. D. 
McCarthy & G. Petit). The offsets of the ICRS axes from those of the dynamical system 
(mean equator and equinox of J2000.0) assumed by the precession-nutation models were 
also accounted for. Beginning with the 2009 volume, the precession theory is that rec- 
ommended by the IAU in 2006, which is from Capitaine et al., 2003 (Astron. Astrophys., 
412, 567-586). No further change has been made in the nutation theory or in the values 
of the offsets of the ICRS axes. Practically, for current epochs, there is little difference 
between the precession used in the 2006-2008 volumes (which was an interim theory) and 
that being introduced in this volume, except in the value of the obliquity. 

The introduction of the new precession-nutation models in The Astronomical Almanac 
beginning in the 2006 edition represents the first change in these algorithms since 1984. 
The new rate of precession in longitude is approximately 3 milliarcseconds per year less 
than the IAU (1976) value, some of the larger nutation components differ in amplitude 
by several milliarcseconds from those in the 1980 IAU Theory of Nutation (Seidelmann, 
P. K., Celest. Mech., 27, 79, 1982) and — starting with the 2009 volume — the mean 
obliquity of the ecliptic at J2000.0 has decreased by 42 milliarcseconds. These changes in 
the basis of the calculations should be reflected in improvements to the tabulated apparent 
geocentric positions of celestial bodies, but mainly only in the end digits. For a more 
detailed discussion of the precession and nutation theories, see Hilton et al. 2006 (Celest. 
Mech., 94, 351-367) and USNO Circular 179 (Kaplan, G. H., 2005), the latter available 
online at http://aa.usno.navy.mil/publications. 


Time Scales 


Two fundamentally different groups of time scales are used in astronomy. The first 
group of time scales is based on the SI second and the second group is based on the (vari- 
able) rotation of the Earth. The first group can be further subdivided into time scales that 
are implemented in (or closely approximated by) actual clock systems and those that are 
theoretical. In many astronomical applications, several time scales must be used. In the as- 
tronomical system of units, the unit of time is the day of 86400 seconds. For long periods, 
however, the Julian century of 36525 days is used. (Use of the tropical year and Besselian 
epochs was discontinued in 1984.) 

The SI second is defined as 9 192 631770 cycles of the radiation corresponding to 
the ground state hyperfine transition of Cesium 133. As a simple count of cycles of an 
observable phenomenon, the SI second can be implemented, at least in principle, by an 
observer anywhere. Thus, SI-based time scales can be constructed or hypothesized on the 
surface of the Earth, on other celestial bodies, on spacecraft, or at theoretically interesting 
locations in space, such as the solar system barycenter. According to relativity theory, 
clocks advancing by SI seconds may not, in general, appear to advance by SI seconds to 
an observer on a different space-time trajectory from that of the clock. Thus, an SI-based 
time scale defined for use in a specific reference system may be related to an SI-based time 
scale defined for a different reference system by a rather complex formula, depending on 
the relative space-time trajectories of the two reference systems. On the other hand, the 
universal use of SI units allows the values of fundamental physical constants determined 
in one reference system to be used in another reference system without scaling. 
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International Atomic Time (TAI) is a commonly used time scale based on the SI sec- 
ond on the Earth’s surface (the rotating geoid). TAI is the most precisely determined time 
scale that is now available for astronomical use. This scale results from analyses by the 
Bureau International des Poids et Mesures in Sévres, France, of data from atomic time stan- 
dards of many countries. Although TAI was not officially introduced until 1972, atomic 
time scales have been available since 1956, and TAI may be extrapolated backwards to the 
period 1956-1971 (for a history of TAI, see Nelson, R.A. et al., Metrologia, 38, 509-529, 
2001). TAI is readily available as an integral number of seconds offset from UTC, which 
is extensively disseminated; UTC is discussed at the end of this section. 

The astronomical time scale called Terrestrial Time (TT), used widely in this volume, 
is an idealized form of TAI with an epoch offset. In practice it is TT = TAI + 328184. TT 
was so defined to preserve continuity with previously-used (now obsolete) “dynamical” 
time scales, Terrestrial Dynamical Time (TDT) and Ephemeris Time (ET). The standard 
epoch for astrometric reference data designated J2000.0 is 2000 January 1, 12" TT (JID 245 
1545.0 TT). 

The [AU has recommended coordinate time scales (in the terminology of General Rel- 
ativity) based on the SI second for theoretical developments using the Barycentric Celestial 
Reference System (BCRS) or the Geocentric Celestial Reference System (GCRS). These 
time scales are, respectively, Barycentric Coordinate Time (TCB) and Geocentric Coordi- 
nate Time (TCG). Neither TCB nor TCG appear explicitly in this volume (except here and 
in the Glossary), but may underlie the physical theories that contribute to the data, and are 
likely to be more widely used in the future. 

The fundamental solar system ephemerides from the Jet Propulsion Laboratory that 
are the basis for many of the tabulations in this volume (see the Ephemerides Section on 
L4) were computed in a barycentric reference system with the independent argument being 
a coordinate time scale called Teph. Tepn differs in rate (by about 10-8) from that of TCB, 
the IAU recommended time scale for barycentric developments; the rate of T ep, has been 
adjusted so that on average it matches that of TT over the time span of the ephemerides 
(Standish, E.M., Astron. Astrophys., 336, 381-384, 1998). T eph is treated as functionally 
equivalent to Barycentric Dynamical Time (TDB, defined by the IAU in 1976 and 1979 and 
modified in 2006). Although defined differently, T .», and TDB advance at the same rate, 
and space coordinates obtained from the ephemerides are consistent with TDB. Barycen- 
tric and heliocentric data are therefore tabulated with TDB shown as the time argument. 
Because Tep, (*TDB) is not based on the SI second in the barycentric reference system, 
the values of parameters determined from or consistent with the JPL ephemerides will, in 
general, require scaling to convert them to SI-based values (dimensionless quantities such 
as mass ratios are unaffected). 

Time scales that are based on the rotation of the Earth are also used in this volume. 
Greenwich sidereal time is the hour angle of the equinox measured with respect to the 
Greenwich meridian. Local sidereal time is the local hour angle of the equinox, or the 
Greenwich sidereal time plus the longitude (east positive) of the observer, expressed in 
time units. Sidereal time appears in two forms, apparent and mean, the difference being 
the equation of the equinoxes; apparent sidereal time includes the effect of nutation on the 
location of the equinox. Greenwich (or local) sidereal time can be observationally obtained 
from the right ascensions of celestial objects transiting the Greenwich (or local) meridian. 

Universal Time (UT) is also widely used in astronomy, and in this volume always 
means UT}. Historically, Universal Time (formerly, Greenwich Mean Time) has been ob- 
tained from Greenwich mean sidereal time using a standard expression (the most recent 
given in Resolution C5, Trans. IAU, XVIIIB, 1982, adopted from Aoki, S. et al., Astron. 
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Astrophys., 105, 359-361, 1982). In 2000, the IAU redefined UT1 to be linearly propor- 
tional to the Earth Rotation Angle, 8, which is the geocentric angle between two directions 
in the equatorial plane called, respectively, the Celestial Intermediate Origin (CIO) and the 
Terrestrial Intermediate Origin (TIO)! (Resolution B1.8, Trans. IAU, XXIVB, 2000). The 
TIO rotates with the Earth, while the CIO has no instantaneous rotation around the Earth’s 
axis (as defined by the precession-nutation theory), so that 9 is a direct measure of the 
Earth’s rotation. The definition of UT1 based on 6 is assumed in this volume. One prac- 
tical consequence is that the expression for Greenwich mean sidereal time now contains 0 
as the rapidly varying term. No discontinuities in any time scale result from the change to 
the new definition of UT1, which was introduced in The Astronomical Almanac for 2006. 

Both sidereal time and UT1 are affected by variations in the Earth’s rate of rotation 
(length of day), which are unpredictable. The lengths of the sidereal and UT1 seconds are 
therefore not constant when expressed in a uniform time scale such as TT. The accumulated 
difference in time measured by a clock keeping SI seconds on the geoid from that measured 
by the rotation of the Earth is AT = TT-UT1. In preparing this volume, an assumption had 
to be made about the value(s) of AT during the tabular year; a table of observed and 
extrapolated values of AT is given on page K9. Calculations of topocentric data, such as 
precise transit times and hour angles, are often referred to the ephemeris meridian, which is 
1.002 738 AT east of the Greenwich meridian, and thus independent of the Earth’s actual 
rotation. Only when AT is specified can such predictions be referred to the Greenwich 
meridian. Essentially, the ephemeris meridian rotates at a uniform rate corresponding to 
the SI second on the geoid, rather than at the variable (and generally slower) rate of the 
real Earth. 

The worldwide system of civil time is based on Coordinated Universal Time (UTC), 
which is now ubiquitous and tightly synchronized. UTC is a hybrid time scale, using the SI 
second on the geoid as its fundamental unit, but subject to occasional 1-second adjustments 
to keep it within 0°9 of UT1. Such adjustments, called “leap seconds,’ are normally intro- 
duced at the end of June or December, when necessary, by international agreement. Tables 
of the differences UTI—UTC, called AUT, for various dates are published by the Interna- 
tional Earth Rotation and Reference System Service (IERS), at http://www.iers.org/iers/ 
products/eop/. DUT, an approximation to UT1—UTC, is transmitted in code with some ra- 
dio time signals, such as those from WWYV. As previously noted, UTC and TAI differ by an 
integral number of seconds, which increases by 1 whenever a (positive) leap second is in- 
troduced into UTC. The TAI-UTC difference is referred to as AAT, tabulated on page K9. 
Therefore TAI = UTC + AAT and TT = UTC + AAT + 328184. 

Other information on time scales and the relationships between them can be found on 
pages B6-B12. 


Ephemerides 


The fundamental ephemerides of the Sun, Moon, and major planets were calculated by 
numerical integration at the Jet Propulsion Laboratory (JPL). These ephemerides, desig- 
nated DE405/LE405, provide barycentric equatorial rectangular coordinates for the period 
1600 to 2201 (Standish, E. M., “JPL Planetary and Lunar Ephemerides, DE405/LE405,” 
JPL Interoffice Memorandum, IOM 312.F-98-048, 1998). The Astronomical Almanac for 
2003 was the first edition that used the DE405/LE405 ephemerides; the volumes for 1984 
through 2002 used the ephemerides designated DE200/LE200. Optical, radar, laser, and 


'the names and abbreviations have been changed from those in the original resolution and now reflect those 
of subsequent TAU resolutions adopted in 2006. 
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spacecraft observations were analyzed to determine starting conditions for the numerical 
integration and values of fundamental constants such as the planetary masses and the length 
of the astronomical unit in meters. The reference frame for the basic ephemerides is the 
ICRF; the alignment onto this frame has an estimated accuracy of 1-2 milliarcseconds. As 
described above, the JPL DE405/LE405 ephemerides have been developed in a barycentric 
reference system using a barycentric coordinate time scale T -pn, which is considered to be 
a practical implementation of the IAU time scale TDB. Astronomical constants obtained 
from DE405/LE405 are listed on pages K6—K7 (those marked as from ref. J). As noted 
above, some of the values are in TDB-consistent units and must be scaled for use with 
TCB or other SI-based time scales. For these quantities, both the TDB and the equivalent 
SI values are given. 

The geocentric ephemerides of the Sun, Moon, and planets tabulated in this volume 
have been computed from the basic JPL ephemerides in a manner consistent with the rigor- 
ous reduction methods presented in Section B. For each planet, the ephemerides represent 
the position of the center of mass, which includes any satellites, not the center of figure or 
center of light. The precession-nutation model used in the computation of geocentric po- 
sitions follows the IAU resolutions adopted in 2000 and 2006; see the Precession-nutation 
Models section above. 


Section A: Summary of Principal Phenomena 


The lunations given on page Al are numbered in continuation of E.W. Brown’s series, 
of which No. | commenced on 1923 January 16 (Mon. Not. Roy. Astron. Soc., 93, 603, 
1933). 

The list of occultations of planets and bright stars by the Moon starting on page A2 
gives the approximate times and areas of visibility for the major planets, except Neptune, 
and the bright stars Aldebaran, Antares, Regulus, Pollux and Spica. Maps of the area of 
visibility of these occultation and for those of the minor planets published in Section G are 
available on The Astronomical Almanac Online “Ww. 

More detailed information about these events and of other occultations by the Moon 
may be obtained from the International Lunar Occultation Center (ILOC) at http://www1. 
kaiho.mlit.go.jp/KOHO/iloc/docs/iloc ¢.html. 

Times tabulated on page A3 for the stationary points of the planets are the instants at 
which the planet is stationary in apparent geocentric right ascension; but for elongations 
of the planets from the Sun, the tabular times are for the geometric configurations. From 
inferior conjunction to superior conjunction for Mercury or Venus, or from conjunction 
to opposition for a superior planet, the elongation from the Sun is west; from superior to 
inferior conjunction, or from opposition to conjunction, the elongation is east. Because 
planetary orbits do not lie exactly in the ecliptic plane, elongation passages from west to 
east or from east to west do not in general coincide with oppositions and conjunctions. 

Dates of heliocentric phenomena are given on page A3. Since they are determined 
from the actual perturbed motion, these dates generally differ from dates obtained by using 
the elements of the mean orbit. The date on which the radius vector is a minimum may 
differ considerably from the date on which the heliocentric longitude of a planet is equal to 
the longitude of perihelion of the mean orbit. Similarly, when the heliocentric latitude of 
a planet is zero, the heliocentric longitude may not equal the longitude of the mean node. 
On page A4, the magnitudes for Mercury and Venus may not be provided for a few dates 
around inferior and superior conjunction. 

Configurations of the Sun, Moon and planets (pages A9-A11) are a chronological list- 
ing, with times to the nearest hour, of geocentric phenomena. Included are eclipses; lunar 
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perigees, apogees and phases; phenomena in apparent geocentric longitude of the planets 
and of the minor planets Ceres, Pallas, Juno and Vesta; times when the planets and mi- 
nor planets are stationary in right ascension and when the geocentric distance to Mars is 
a minimum; and geocentric conjunctions in apparent right ascension of the planets with 
the Moon, with each other, and with the bright stars Aldebaran, Regulus, Spica, Pollux 
and Antares, provided these conjunctions are considered to occur sufficiently far from the 
Sun to permit observation. Thus conjunctions in right ascension are excluded if they occur 
within 15° of the Sun for the Moon, Mars and Saturn; within 10° for Venus and Jupiter; 
and within approximately 10° for Mercury, depending on Mercury’s brightness. The oc- 
currence of occultations of planets and bright stars is indicated by “Occn.’; the areas of 
visibility are given in the list on page A2. Geocentric phenomena differ from the actually 
observed configurations by the effects of the geocentric parallax at the place of observation, 
which for configurations with the Moon may be quite large. 

The explanation for the tables of sunrise and sunset, twilight, moonrise and moonset 
is given on page A12; examples are given on page A13. 


Eclipses 


The elements and circumstances are computed according to Bessel’s method from 
apparent right ascensions and declinations of the Sun and Moon. Semidiameters of the 
Sun and Moon used in the calculation of eclipses do not include irradiation. The adopted 
semidiameter of the Sun at unit distance is 15’59/64 from the IAU (1976) Astronomical 
Constants. The apparent semidiameter of the Moon is equal to arcsin(k sin 7), where 7 
is the Moon’s horizontal parallax and k is an adopted constant. In 1982, the [AU adopted 
k = 0.272 5076, corresponding to the mean radius of Watts’ data (Watts, C. B., APAE, 
XVII, 1963) as determined by observations of occultations and to the adopted radius of 
the Earth. Corrections to the ephemerides, if any, are noted in the beginning of the eclipse 
section. 

In calculating lunar eclipses the radius of the geocentric shadow of the Earth is in- 
creased by one-fiftieth part to allow for the effect of the atmosphere. Refraction is ne- 
glected in calculating solar and lunar eclipses. Because the circumstances of eclipses are 
calculated for the surface of the ellipsoid, refraction is not included in Besselian elements. 
For local predictions, corrections for refraction are unnecessary; they are required only in 
precise comparisons of theory with observation in which many other refinements are also 
necessary. 

Descriptions of the maps and use of Besselian elements are given on pages A78—A83. 


Section B: Time Scales and Coordinate Systems 
Calendar 


Over extended intervals, civil time is ordinarily reckoned according to conventional 
calendar years and adopted historical eras; in constructing and regulating civil calendars 
and fixing ecclesiastical calendars, a number of auxiliary cycles and periods are used. In 
particular the Islamic calendar printed is determined from an algorithm that approximates 
the lunar cycle and is independent of location. In practice the dates of Islamic fasts and 
festivals are determined by an actual sighting of the appropriate new crescent moon. 

To facilitate chronological reckoning, the system of Julian day (JD) numbers maintains 
a continuous count of astronomical days, beginning with JD 0 on 1 January 4713 B.C.. 
Julian proleptic calendar. Julian day numbers for the current year are given on page B3 
and in the Universal and Sidereal Times table, pages B13—B20, and the Universal Time 
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and Earth rotation angle table on pages B21-B24. To determine JD numbers for other 

years on the Gregorian calendar, consult the Julian Day Number tables, pages K2-K5. 
Note that the Julian day begins at noon, whereas the calendar day begins at the preced- 

ing midnight. Thus the Julian day system is consistent with astronomical practice before 

1925, with the astronomical day being reckoned from noon. For critical applications, the 

Julian date should include a specification as to whether UT, TT or TDB is used. 
Following the general practice of this volume, UT implies UT1. 


IAU XXIV General Assembly, 2006 


The resolutions of the [AU 2006 GA that impacted on this section were a result of the 
IAU Division I Working Groups “Nomenclature for Fundamental Astronomy” (WGNFA) 
and Working Group on Precession and the Ecliptic (WGPE). 

Beginning with the 2006 edition, this almanac followed the recommendations of the 
WGNFA which were adopted in 2006. This included replacing the terms Celestial Epheme- 
ris Origin and Terrestrial Ephemeris Origin, the “non-rotating” origins of the Celestial and 
Terrestrial Intermediate Reference Systems of [AU 2000 resolution B1.8, with the terms 
Celestial Intermediate Origin (CIO), and the Terrestrial Intermediate Origin (TIO), respec- 
tively. 

Beginning with this edition for 2009 the resolution relating to the report of the WGPE 
(see Hilton, J., et al., Celest. Mech., 94, 351-367, 2006) has been implemented. Table 1 
of this report gives a useful list of “The polynomial coefficients for the precession angles”. 
The WGPE adopted the precession theory of Capitaine et al. that was designated P03 (see 
Capitaine, N., Wallace, P.T., and Chapront, J., Astron. & Astrophys., 412, 567-586, 2003). 

The following two papers,“High precision methods for locating the celestial interme- 
diate pole and origin’, Capitaine, N., and Wallace, P.T., Astron. Astrophys., 450, 855-872, 
2006, and “Precession-nutation procedures consistent with [AU 2006 resolutions”, Wal- 
lace, P.T., and Capitaine, N., Astron. Astrophys. 459, 981-985, 2006 have also been used. 
Also, the fourth issue of the [AU SOFA library at http://iau-sofa.hmnao.com/) has been 
used in the software that has generated these data. 


Universal and Sidereal Times and Earth Rotation Angle 


The tabulation of Greenwich mean sidereal time (GMST) at Oh UT1 is calculated from 
the defining relation (see page B8) between Earth rotation angle (ERA) and universal time 
and is a function of the P03 precession theory (see reference above). 

The tabulations of Greenwich apparent sidereal time (GAST, or GST as it is designated 
in the papers above), is calculated from ERA and equation of the origins. The latter is a 
function of the CIO locator s and precession and nutation (see the 2006 papers of Capitaine 
and Wallace given above). This formulation ensures that whichever paradigm is used, 
equinox or CIO based, the resulting hour angles will be identical. Greenwich mean and 
apparent sidereal times and the equation of the equinoxes are tabulated on pages B13—B20, 
while ERA and equation of the origins are tabulated on pages B21—B24. 


Bias, Precession and Nutation 


The WGPE stated that the choice of the precession parameters should be left to the 
user. It should be noted that the effect of the frame bias (see page B50), the offset of 
the ICRS from the J2000.0 system, is not related to precession. However, the Fukishma- 
Williams angles (see page B56), which are used by SOFA, and the series method (see page 
B46) of calculating the ICRS-to-date matrix, have the offset for the frame bias already 
included. 
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Reduction of Astronomical Coordinates 


Formulae and methods are given showing the various stages of the reduction from an 
International Celestial Reference System (ICRS) position to an “of date” position. This 
reduction may be achieved either by using the long-standing equinox approach or the CIO- 
based method, generating apparent and intermediate places. The examples also show the 
calculation of Greenwich hour angle using GAST or ERA as appropriate. The matrices for 
the transformation from the GCRS to the “of date” position for each method are tabulated 
on pages B30-B45. The Earth’s position and velocity components (tabulated on pages 
B76-B83) are derived from the numerical integration DE405/LE405 described on page 
L4. 

The determination of latitude using the position of Polaris or 0 Octantis may be per- 
formed using the methods and tables on pages B87—B92. 


Section C: The Sun 


The formulas for the Sun’s orbital elements found on page C1 — specifically the geo- 
metric mean longitude (A), the mean longitude of perigee (@), the mean anomaly (/ ’) and 
the eccentricity (e) — are computed using the values from Simon et al. (Astron. Astrophys., 
282, 663, 1994). For A, the expression A = F + Q — D is used where F and D are the 
Delaunay arguments found in Sec 3.5b and Q is the longitude of the Moon’s node found in 
Sec 3.4 3.b. For w, the expression @ = A —1’ is used, where /' is taken from Sec. 3.5b. 
Eccentricity, ¢, is taken directly from Sec. 5.8.3. Mean obliquity, ¢, is from Capitaine et 
al., Astron. Astrophys. 412, 567-586 Eq. 39 with €¢9 from Eq. 37. Rates for all of the 
mean orbital elements are the time derivatives of the above expressions. 

The lengths of the principle years are computed using the rates of the orbital elements. 
Tropical year is 360°/A. Sidereal year is 360°/(A — P) where P is the precession rate 
found in Simon et al. (op. cit.), Eq. 5. The anomalistic year is 360°/I’ and the eclipse year 
is 360°/(A — Q). 

The coefficients for the equation of time formula are computed using W.M. Smart’s 
“Textbook on Spherical Astronomy”, Sec. 90; in that formula the value for L is the same 
as 4 (explained above) but corrected for aberration and rounded for ease of computation. 

The rotation elements listed on page C3 are due to R.C. Carrington (Observations 
of the Spots on the Sun, 1863). The synodic rotation numbers tabulated on page C4 are 
in continuation of Carrington’s Greenwich photoheliographic series of which Number 1 
commenced on November 9, 1853. 

Daily tabular values found on are pages C6—C25 are computed based on the numerical 
integration DE405/LE405 described on page L4. 

Daily geocentric coordinates of the Sun are given on the even pages of C6—C20; the 
tabular argument is Terrestrial Time. The ecliptic longitudes and latitudes are referred to 
the mean equinox and ecliptic of date. These values are geometric, that is they are not an- 
tedated for light-time, aberration, etc. The apparent equatorial coordinates, right ascension 
and declination, are referred to the true equator and equinox of date and are antedated for 
light-time and have aberration applied. The true geocentric distance is given in astronomi- 
cal units and is the value at the tabular time; that is, the values are not antedated. 

Daily physical ephemeris data are found on the odd pages of C7—C21 and are com- 
puted using the techniques outlined in The Explanatory Supplement to the Astronomical 
Almanac (1992); the tabular argument is Terrestrial Time. The solar rotation parameters 
are from Report of the IAU/IAG Group on Cartographic Coordinates and Rotational El- 
ements: 2006 (Seidelmann et. al, Celest. Mech., 98, 155, 2007); the data are based on 
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R.C. Carrington (Observations of the Spots on the Sun, 1863). Prior to The Astronomical 
Almanac for 2009, neither light-time correction nor aberration were applied to the solar 
rotation because they were presumably already in Carrington’s meridian. Since the Earth- 
Sun distance is relatively constant, this is possible only for the Sun. At the 2006 IAU 
General Assembly, the Working Group on Cartographic Coordinates and Rotational Ele- 
ments decided to make the physical ephemeris computations for the Sun consistent with 
the other major solar system bodies. The Wo value for the Sun was “foredated” by about 
499s; using the new value, the computation must take into account the light travel time. 
To further unify the process with other solar system objects, aberration is now explicitly 
corrected. Differences between the pre-2009 technique and the current recommendation 
are negligible at the Earth; for The Astronomical Almanac, differences of one in the least 
significant digit are occasionally seen in P, Bo and Lo with no other values being affected. 
Further explanation is found on the The Astronomical Almanac Online “Ww in the Notes 
and References area. 

The Sun’s daily ephemeris transit times are given on the odd pages of C7-C21. An 
ephemeris transit is the passage of the Sun across the ephemeris meridian, defined as a fic- 
titious meridian that rotates independently of the Earth at the uniform rate. The ephemeris 
meridian is 1.002738 x AT east of the Greenwich meridian. 

Geocentric rectangular coordinates, in AUs, are given on pages C22—C25. These are 
referred to the ICRS axes, which are within a few tens of milliarcseconds of the mean equa- 
tor and equinox of J2000.0. The time argument is TT and the coordinates are geometric, 
that is there is no correction for light-time, aberration, etc. 


Section D: The Moon 


The geocentric ephemerides of the Moon are based on the JPL DE405/LE405 numer- 
ical integration described on page L4, with the tabular argument being TT. 

For high precision calculations a polynomial ephemeris (ASCII or PDF) is available 
on The Astronomical Almanac Online “Ww _ along with the necessary procedures for eval- 
uating the polynomials. A daily geocentric ephemeris to lower precision is given on the 
even numbered pages D6—D20. Although the tabular apparent right ascension and decli- 
nation are antedated for light-time, the horizontal parallax is the geometric value for the 
tabular time. It is derived from arcsin(1/r), where r is the true distance in units of the 
Earth’s equatorial radius. The semidiameter s is computed from s = arcsin(k sin 7), where 
k = 0.272 399 is the ratio of the equatorial radius of the Moon to the equatorial radius of 
the Earth and zz is the horizontal parallax. No correction is made for irradiation. 

Beginning in 1985 the physical ephemeris (odd pages D7—D21) is based on the formu- 
lae and constants for physical librations given by D. Eckhardt (The Moon and the Planets, 
25, 3, 1981; High Precision Earth Rotation and Earth-Moon Dynamics, ed. O. Calame, 
pages 193-198, 1982), but with the IAU value of 1 °32/327 for the inclination of the mean 
lunar equator to the ecliptic. Although values of Eckhardt’s constants differ slightly from 
those of the IAU, this is of no consequence to the precision of the tabulation. Optical li- 
brations are first calculated from rigorous formulae; then the total librations (optical and 
physical) are calculated from the rigorous formulae by replacing J with J + p, 2 with 
Q-+o and¢ with ¢+T. Included in the calculations are perturbations for all terms greater 
than 0°0001 in solution 500 of the first Eckhardt reference and in Table I of the second 
reference. Since apparent coordinates of the Sun and Moon are used in the calculations, 
aberration is fully included, except for the inappreciable difference between the light-time 
from the Sun to the Moon and from the Sun to the Earth. 
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The selenographic coordinates of the Earth and Sun specify the points on the lunar 
surface where the Earth and Sun, respectively, are in the selenographic zenith. The seleno- 
graphic longitude and latitude of the Earth are the total geocentric, optical and physical 
librations with respect to the coordinate system in which the x-axis is the mean direction 
towards the Earth and the z-axis is the mean pole of lunar rotation. When the longitude 
is positive, the mean central point is displaced eastward on the celestial sphere, exposing 
to view a region on the west limb. When the latitude is positive, the mean central point 
is displaced toward the south, exposing to view the north limb. If the principal moment 
of inertia axis toward the Earth is used as the origin for measuring librations, rather than 
the traditional origin in the mean direction of the Earth from the Moon, there is a constant 
offset of 214”2 in tr, or equivalently a correction of --0°059 to the Earth’s selenographic 
longitude. 

The tabulated selenographic colongitude of the Sun is the east selenographic longitude 
of the morning terminator. It is calculated by subtracting the selenographic longitude of the 
Sun from 90° or 450°. Colongitudes of 270°, 0°, 90° and 180° correspond to New Moon, 
First Quarter, Full Moon and Last Quarter, respectively. 

The position angles of the axis of rotation and the midpoint of the bright limb are 
measured counterclockwise around the disk from the north point. The position angle of 
the terminator may be obtained by adding 90° to the position angle of the bright limb 
before Full Moon and by subtracting 90° after Full Moon. 

For precise reductions of observations, the tabular librations and position angle of 
the axis should be reduced to topocentric values. Formulae for this purpose by R. d’E. 
Atkinson (Mon. Not. Roy. Astron. Soc., 111, 448, 1951) are given on page DS. 

Additional formulae and data pertaining to the Moon are given on pages DI—D5 and 
p22. 


Section E: Planets and Plute 


The heliocentric and geocentric ephemerides of the planets and Pluto are based on the 
numerical integration DE405/LE405 described on page L4. The longitude of perihelion 
for both Venus and Neptune is given to a lower degree of precision due to the fact that they 
have nearly circular orbits and the point of perihelion is nearly undefined. 

Although the apparent right ascension and declination are antedated for light-time, 
the true geocentric distance in astronomical units is the geometric distance for the tabular 
time. For Pluto the astrometric ephemeris is comparable with observations referred to 
catalog places of comparison stars (corrected for proper motion and annual parallax, if 
significant, to the epoch of observation), provided the catalog is referred to the ICRS and 
the observations are corrected for geocentric parallax. 

The physical ephemerides of the planets and Pluto depend upon the fundamental solar 
system ephemerides DE405/LE405 described on page L4. Physical data are based on 
the “Report of the [AU/IAG Working Group on Cartographic Coordinates and Rotational 
Elements: 2006” (Seidelmann, P. K. et al., Celest. Mech., 98, 155, 2007, hereafter the 
WGCCRE Report). This report contains tables giving the dimensions, directions of the 
north poles of rotation and the prime meridians of the planets, Pluto, some of the satellites, 
and asteroids. 

All tabulated quantities in the physical ephemeris tables are corrected for light-time, 
so the given values apply to the disk that is visible at the tabular time. Except for planet- 
ographic longitudes, all tabulated quantities vary so slowly that they remain unchanged if 
the time argument is considered to be UT rather than TT. Conversion from TT to UT affects 
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the tabulated planetographic longitudes by several tenths of a degree for all but Mercury, 
Venus, and Pluto. 

Expressions for the visual magnitudes of the planets and Pluto are due to D.L. Harris 
(Planets and Satellites, ed. G.P. Kuiper and B.L. Middlehurst, p. 272, 1961), with the 
exception of those for Mercury and Venus which are given by J. Hilton (Astron. Jour., 129, 
2902, 2005; Astron. Jour., 130, 2928, 2005). The apparent magiitudes of the planets do 
not include variations from albedo markings or atmospheric disturbances. For example, 
the albedo markings on Mars may cause variations of approximately 0.05 magnitudes. If 
there is a major dust storm, the apparent magnitude can be highly variable and be as much 
as 0.2 magnitudes brighter than the predicted value. 

The apparent disk of an oblate planet is always an ellipse, with an oblateness less than 
or equal to the oblateness of the planet itself, depending on the apparent tilt of the planet’s 
axis. For planets with significant oblateness, the apparent equatorial and polar diameters 
are separately tabulated. The WGCCRE Report gives two values for the polar radii of Mars 
because there is a location difference between the center of figure and the center of mass 
for the planet. For the purposes of the physical ephemerides, the calculations use the mean 
value of the polar radii for Mars which produces the same result as using either radii at the 
precision of the printed table. 

The orientation of the pole of a planet is specified by the right ascension ag and dec- 
lination 69 of the north pole, with respect to the Earth’s mean equator and equinox of 
J2000.0. According to the [AU definition, the north pole is the pole that lies on the north 
side of the invariable plane of the solar system. Because of precession of a planet’s axis, 
ao and d9 may vary slowly with time; values for the current year are given on page E3. 

Recent observations by Cassini spacecraft have cast doubt on the reliability of the 
current methods to predict Saturn’s rotation parameters (Gurnett et al., Science, 316, 442, 
2007). For gas planets, the outer layers rotate at a different speed than the interior lay- 
ers. Therefore, the periodicity of radio emissions, presumably modulated by the planet’s 
internal magnetic field, is measured to model the planetary rotation rate. Observations 
suggest that external forces originating from Saturn’s moon Enceladus are influencing the 
modulation of the planet’s magnetic field. 

Useful data and formulae are given on pages E3, E4, E45 and E54-E55. 


Section F: Satellites of the Planets and Pluto 


The ephemerides of the satellites are intended only for search and identification, not 
for the exact comparison of theory with observation; they are calculated only to an accuracy 
sufficient for the purpose of facilitating observations. These ephemerides are based on 
the numerical integration DE405/LE405 described on page L4, and corrected for light- 
time. The value of AT used in preparing the ephemerides is given on page F1. Reference 
planes for the satellite orbits are defined by the individual theories used to compute their 
ephemerides. Those theories are cited below. 

Beginning with the 2006 edition of The Astronomical Almanac, a set of selection crite- 
ria has been instituted to determine which satellites are included in the table; those criteria 
appear on page FS. As a result, many newer satellites of Jupiter, Saturn, and Uranus have 
been included. However, some satellites that were included in previous editions have now 
been excluded. A more complete table containing all of the data from this edition as well 
as many of the previously included satellites is available on The Astronomical Almanac 
Online “ww. The following sources were used to update the data presented in this table: Ja- 
cobson, R. A., Synnott, S. P., & Campbell, J. K., Astron. Astrophys., 225, 548, 1989; Shep- 
pard, S. S., at The Giant Planet Satellite Page (http://www.dtm.ciw.edu/sheppard/satel- 
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lites); Jacobson, R. A., at JPL Solar System Dynamics, http://ssd.jpl.nasa.gov/?sat elem, 
and references therein; Nicholson, P. D., “Natural Satellites of the Planets,” in The Ob- 
server’s Handbook 2007, Patrick Kelly, ed., (Toronto: University of Toronto Press), 21-26, 
2006; Jacobson, R. A., Astron. Jour., 120, 2679, 2000; Jacobson, R. A., Astron. Jour., 115, 
1195, 1998; Owen, Jr., W. M., Vaughan, R. M., & Synnott, S. P., Astron. Jour. 101, 1511, 
1991. 

Ephemerides and phenomena for planetary satellites are computed using data from a 
mixed function solution for twenty short-period planetary satellite orbits provided by D. 
B. Taylor (NAO Technical Note, 68, 1995). Starting with the 2007 edition, the offset data 
generated are used to produced satellite diagrams for Mars, Jupiter, Uranus, and Neptune. 
The paths of the satellites are computed at six minute intervals for the diagrams. As a 
consequence of this choice and their short orbital periods, the paths of Phobos and Deimos 
appear as dotted lines in the satellite diagram for Mars. The new diagrams give a scale 
(in arcseconds) of the orbit of the satellites as seen from Earth. Approximate formulae for 
calculating differential coordinates of satellites are given with the relevant tables. 

The tables of apparent distance and position angle have been discontinued in The 
Astronomical Almanac starting with the 2005 edition. These tables are available on The 
Astronomical Almanac Online “Ww along with the offsets of the satellites from the planets. 


Satellites of Mars 


The ephemerides of the satellites of Mars are computed from the orbital elements 
given by A.T. Sinclair (Astron. Astrophys., 220, 321, 1989). The orbital elements of H. 
Struve (Sitzungsberichte der Koniglich Preuss. Akad. der Wiss., p. 1073, 1911) are used 
in editions prior to 2004. 


Satellites of Jupiter 


The ephemerides of Satellites I-IV are based on the theory of J.H. Lieske (Astron. 
Astrophys., 56, 333, 1977), with constants due to J.-E. Arlot (Astron. Astrophys., 107, 305, 
1982). 

Elongations of Satellite V are computed from circular orbital elements determined by 
P.V. Sudbury (Ucarus, 10, 116, 1969). The differential coordinates of Satellites VI-XIII are 
computed from numerical integrations, using starting coordinates and velocities calculated 
at the U.S. Naval Observatory (Explanatory Supplement to the Astronomical Almanac, 353, 
1992). 

The use of “.. .. .2” for the Terrestrial Time of Superior Geocentric Conjunction data 
for satellites I-IV indicate times of the year when Jupiter is too close to the Sun for any 
conjunctions to be observed. 

The actual geocentric phenomena of Satellites I-IV are not instantaneous. Since the 
tabulated times are for the middle of the phenomena, a satellite is usually observable after 
the tabulated time of eclipse disappearance (EcD) and before the time of eclipse reappear- 
ance (EcR). In the case of Satellite IV the difference is sometimes quite large. Light curves 
of eclipse phenomena are discussed by D.L. Harris (Planets and Satellites, ed. G.P. Kuiper 
and B.M. Middlehurst, pages 327-340, 1961). 

To facilitate identification, approximate configurations of Satellites I-IV are shown 
in graphical form on pages facing the tabular ephemerides of the geocentric phenomena. 
Time is shown by the vertical scale, with horizontal lines denoting 0" UT. For any time 
the curves specify the relative positions of the satellites in the equatorial plane of Jupiter. 
The width of the central band, which represents the disk of Jupiter, is scaled to the planet’s 
equatorial diameter. 
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For eclipses the points d of immersion into the shadow and points r of emersion from 
the shadow are shown pictorially at the foot of the right-hand pages for the superior con- 
junctions nearest the middle of each month. At the foot of the left-hand pages, rectangular 
coordinates of these points are given in units of the equatorial radius of Jupiter. The x-axis 
lies in Jupiter’s equatorial plane, positive toward the east; the y-axis is positive toward the 
north pole of Jupiter. The subscript 1 refers to the beginning of an eclipse, subscript 2 to 
the end of an eclipse. 


Galilean Satellites 


About every six years the Earth’s orbit crosses the orbital planes of the four Galilean 
satellites. This results in a significant number of observable occultations and eclipses in- 
volving these satellites. These phenomena are tabluted on pages F38-F39. These data 
were provided by Dr. Kaare Aksnes of the Institute for Theoretical Astrophysics in Oslo, 
Norway. The IMCCE/Observatorie de Paris in France also has a table of occultations and 
eclipses at http://www.imcce.fr/en/ephemerides/phenomenes/ ephesat/phenomena.php. 


Satellites and Rings of Saturn 


The apparent dimensions of the outer ring and factors for computing relative dimen- 
sions of the rings are from L.W. Esposito et al. (Saturn, eds. T. Gehrels and M.S. Matthews, 
468-478, 1984). The appearance of the rings depends upon the Saturnicentric positions of 
the Earth and Sun. The ephemeris of the rings is corrected for light-time. 

The positions of Mimas, Enceladus, Tethys and Dione are based upon orbital theories 
by Y. Kozai (Ann. Toyko Obs. Ser. 2, 5, 73, 1957), elements from D.B. Taylor and K.X. 
Shen (Astron. Astrophys., 200, 269, 1988), with mean motions and secular rates from 
Kozai (op. cit.) or H.A. Garcia (Astron. Jour., 77, 684, 1972). The positions of Rhea and 
Titan are based upon orbital theories by A.T. Sinclair (Mon. Not. Roy. Astr. Soc.,180, 
447, 1977) with elements by Taylor and Shen (op. cit.), mean motions and secular rates 
by Garcia (op. cit.). The theory and elements for Hyperion are from D.B. Taylor (Astron. 
Astrophys., 141, 151, 1984). The theory for Iapetus is from A.T. Sinclair (Mon. Not. Roy. 
Astr. Soc., 169, 591, 1974) with additional terms from D. Harper et al. (Astron. Astrophys., 
191, 381, 1988) and elements from Taylor and Shen (op. cit). The orbital elements used 
for Phoebe are from P.E. Zadunaisky (Astron. Jour., 59, 1, 1954). 

For Satellites I-V times of eastern elongation are tabulated; for Satellites VI-VIII 
times of all elongations and conjunctions are tabulated. On the diagram of the orbits of 
Satellites I-VII, points of eastern elongation are marked “0°”. From the tabular times of 
these elongations the apparent position of a satellite at any other time can be marked on the 
diagram by setting off on the orbit the elapsed interval since last eastern elongation. For 
Hyperion, Iapetus, and Phoebe, ephemerides of differential coordinates are also included. 

Solar perturbations are not included in calculating the tables of elongations and con- 
junctions, distances and position angles for Satellites I—VIII. For Satellites I-IV, the orbital 
eccentricity e is neglected. 


Satellites and Rings of Uranus 


Data for the Uranian rings are from the analysis of J.L. Elliot et al. (Astron. Jour., 86, 
444, 1981). Ephemerides of the satellites are calculated from orbital elements determined 
by J. Laskar and R.A. Jacobson (Astron. Astrophys., 188, 212, 1987). 
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Satellites of Neptune 


The ephemerides of Triton and Nereid are calculated from elements by R.A. Jacobson 
(Astron. Astrophys., 231, 241, 1990). The differential coordinates of Nereid are apparent 
positions with respect to the true equator and equinox of date. 


Satellite of Pluto 


The ephemeris of Charon is calculated from the elements of D.J. Tholen (Astron. Jour., 
90, 2353, 1985). 


Section G: Minor Planets and Comets 


This section contains data on a selection of 93 minor planets. These minor planets 
are divided into two sets. The main set of the fifteen largest asteroids are 1 Ceres, 2 
Pallas, 3 Juno, 4 Vesta, 6 Hebe, 7 Iris, 8 Flora, 9 Metis, 10 Hygiea, 15 Eunomia, 16 
Psyche, 52 Europa, 65 Cybele, 511 Davida, and 704 Interamnia. Their ephemerides are 
based on the USNO/AE98 minor planets of J.L. Hilton (Astron. Jour. 117, 1077, 1999). 
These particular asteroids were chosen because they are large (> 300 km in diameter), 
have well observed histories, and/or are the largest member of their taxonomic class. The 
remaining 78 minor planets constitute the set with opposition magnitudes < 11, or < 12 if 
the diameter > 200 km. Their positions are based on the USNO/AE2001 ephemerides of 
J.L. Hilton (in preparation). The absolute visual magnitude at zero phase angle (H) and the 
slope parameter (G), which depends on the albedo, are from the Minor Planet Ephemerides 
produced by the Institute of Applied Astronomy, St. Petersburg. The change in content of 
this section (starting with the 2003 edition) and the purpose of the selection of objects is to 
encourage observation of the most massive, largest and brightest of the minor planets. 

Astrometric positions for the main set of minor planets are given daily at 0"TT for 
sixty days on either side of an opposition occurring between January | of the current year 
and January 31 of the following year. Also given are the apparent visual magnitude and 
the time of ephemeris transit over the ephemeris meridian. The dates when the object is 
stationary in apparent right ascension are indicated by shading. It is occasionally possi- 
ble for a stationary date to be outside the period tabulated. The astrometric ephemeris is 
comparable with observations referred to catalog places of comparison stars (corrected for 
proper motion and annual parallax, if significant, to the epoch of observation), provided 
the catalog is referred to the ICRS (or the mean equator and equinox of J2000.0) and the 
observations are corrected for geocentric parallax. Linear interpolation is sufficient for the 
magnitude and ephemeris transit, but for the astrometric right ascension and declination 
second differences are significant. 

A chronological list of the opposition dates of all the objects is given together with 
their visual magnitude and apparent declination. Those oppositions printed in bold also 
have a sixty-day ephemeris around opposition. All phenomena (dates of opposition and 
dates of stationary points) are calculated to the nearest hour UT. It must be noted, as with 
phenomena for all objects, that opposition dates are determined from the apparent longi- 
tude of the Sun and the object, with respect to the mean ecliptic of date. Stationary points, 
on the other hand, are defined to occur when the rate of change of the apparent right ascen- 
sion is zero. 

Osculating orbital elements for all the minor planets are tabulated with respect to the 
ecliptic and equinox J2000.0 for, usually, a 400-day epoch. Also tabulated are the H and 
G parameters for magnitude and the diameters. The masses of most of the objects have 
been set to an arbitrary value of 1 x 107!7Mo. However, the masses of 13 minor planets 
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tabulated by J. Hilton (“Asteroid Masses and Densities,” in Asteroids III, eds. Bottke, 
Cellino, Paolicchi and Binzel, Univ. of Arizona Press, 103 — 112, 2003), have been used. 
The values for the diameters of the minor planets were taken from a number of sources 
which are referenced on The Astronomical Almanac Online “Ww. 

B.G. Marsden, Smithsonian Astrophysical Observatory, supplied the osculating el- 
ements of the periodic comets returning to perihelion during the year. Up-to-date ele- 
ments of the comets currently observable may be found at http://cfa-www.harvard.edu/iau/ 
Ephemerides/Comets/index.html. 


Section H: Stars and Stellar Systems 


Except for the tables of ICRF radio sources, radio flux calibrators, and pulsars, posi- 
tions tabulated in Section H are referred to the mean equator and equinox of J2009.5 = 
2009 July 2.375 = JD 245 5014.875. The positions of the ICRF radio sources provide 
a practical realization of the ICRS. The positions of radio flux calibrators and pulsars are 
referred to the mean equator and equinox of J2000.0 = JD 245 1545.0. 


Bright Stars 


Included in the list of bright stars are 1469 stars chosen according to the following 
criteria: 

a. all stars of visual magnitude 4.5 or brighter, as listed in the fifth revised edition of the 
Yale Bright Star Catalogue (BSC); 

b. all FKS stars brighter than 5.5; 

c. all MK atlas standards in the BSC (Morgan, W.W. et al., Revised MK Spectral Atlas 
for Stars Earlier Than the Sun, 1978; and Keenan, P.C. and McNeil, R.C., Atlas of 
Spectra of the Cooler Stars: Types G, K, M, S, and C, 1976). 

d. all stars selected according to the criteria in a, b, or c above and also listed in the 
Hipparcos Catalogue. 

Flamsteed and Bayer designations are given with the constellation name and the BSC 
number. 

Positions and proper motions for all stars are taken from the Hipparcos Catalogue 
and converted to epoch J2000.0, then precessed to the equator and equinox of the middle 
of the current year. Orbital positions are given for several wide binary stars noted in the 
table. Orbital elements are taken from the Sixth Catalog of Orbits of Visual Binary Stars 
(Hartkopf, W.I. and Mason, B.D. 2002, http://ad.usno.navy.mil/wds/orb6.html; see also the 
Fifth Catalog of Orbits of Visual Binary Stars, Hartkopf, W.I., Mason, B.D., and Worley, 
C.E., Astron. Jour., 122, 3472, 2001). 

The V magnitudes and color indices U—B and B—V are homogenized magnitudes 
taken from the BSC. Spectral types were provided by W.P. Bidelman and updated by R.F. 
Garrison. Codes in the Notes column are explained at the end of the table (page H31). Stars 
marked as MK Standards are from either of the two spectral atlases listed above. Stars 
marked as anchor points to the MK System are a subset of standard stars that represent the 
most stable points in the system (in The MK Process at 50 Years, eds. Corbally, Gray, and 
Garrison, ASP Conf. Series, 60, 3-14, 1994). Further details about the stars marked as 
double stars may be found at http://ad.usno.navy.mil/wds/wdstext.html. 

Tables of bright star data for several years are available in both PDF and ASCII formats 
on The Astronomical Almanac Online “Ww as is a searchable database from current epochs. 
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Double Stars 


The table of Selected Double Stars contains recent orbital data for 89 double star sys- 
tems in the Bright Star table where the pair contains the primary star and the components 
have a separation > 30 and differential visual magnitude < 3 magnitudes. A few other 
systems of interest are present. Data given are the most recent measures except for 21 
systems, where predicted positions are given based on orbit or rectilinear motion calcu- 
lations. The list was provided by Brian Mason and taken from the Washington Double 
Star Catalog (WDS, Mason, B.D. et al., Astron. Jour., 122, 3466, 2001; also available at 
http://ad.usno.navy.mil/wds/wds.html). 

The positions are for those of the primary stars and taken directly from the list of bright 
stars. The Discoverer Designation contains the reference for the measurement from the 
WDS and the Epoch column gives the year of the measurement. The column headed Am , 
gives the relative magnitude difference in the visual band between the two components. 

The term “primary” used in this section is not necessarily the brighter object, but 
designates which object is the origin of measurements. 

Tables of double star data for several years are available in both PDF and ASCII for- 
mats on The Astronomical Almanac Online “Ww. 


Photometric Standards 


The table of UBVRI Photometric Standards are selected from Table 2 in Landolt, As- 
tron. Jour., 104, 340, 1992. Finding charts for stars are given in the paper. This subset of 
291 stars reviewed by A. Landolt represents those sources which are observed seven times 
or more and are non-variable. They provide internally consistent homogeneous broadband 
standards for the Johnson-Kron-Cousins photometric system for telescopes of interme- 
diate and large size in both hemispheres. The filter bands have the following effective 
wavelengths: U, 3600 A; B, 4400 A; V,5500 A; R, 6400 A; 77900 A. 

The positions are taken from the Naval Observatory Merged Astronomical Database 
(NOMAD) which provides the optimum ICRF positions and proper motions for stars taken 
from the following catalogs in the order given: Hipparcos, Tycho-2, UCAC2, or USNO-B. 
Positions are precessed to the equator and equinox of the middle of the current year. 

The list of bright Johnson standards which appeared in editions prior to 2003 is given 
for J2000 on The Astronomical Almanac Online “Wy. Also available is a searchable 
database of Landolt Standards for current epochs. 

The selection and photometric data for standards on the Stromgren four-color and HB 
systems are those of C.L. Perry, E.H. Olsen and D.L. Crawford (Pub. Astron. Soc. Pac., 
99, 1184, 1987). Only the 319 stars which have four-color data are included. The w band is 
centered at 3500 A; v at 4100 A; b at 4700 A; and y at 5500 A. Four indices are tabulated: 
b—y, m, = (v—b) — (b—y), c) = (u—v) — (v—b) and HB. 

Star names and numbers are taken from the BSC. Positions and proper motions are 
taken from NOMAD as described above. Spectral types are taken from the list of bright 
stars (pages H2—H31) or from the original reference cited above. Visual magnitudes given 
in the column headed V are taken from the original reference and therefore may disagree 
with those given in the list of bright stars. 


Radial Velocity Standards 


The selection of radial velocity standard stars is based on a list of bright standards 
taken from the report of IAU Commission 30 Working Group on Radial Velocity Standard 
Stars (Trans. IAU, IX, 442, 1957) and a list of faint standards (Trans. IAU, XVA, 409, 
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1973). The combined list represents the [AU radial velocity standard stars with late spec- 
tral types. Also included in the table at the recommendation of [AU Commission 30 are 
14 faint stars with reliable radial velocity data useful for observers in the Southern Hemi- 
sphere (Trans. JAU, XIIIB, 170, 1968). Variable stars (orbital and intrinsic) in the lists of 
standards have been removed. (See Udry, S. et al., “20 years of CORAVEL Monitoring of 
Radial-Velocity Standard Stars”, in Precise Stellar Radial Velocities, Victoria, [AU Coll. 
170, ed. J. Hearnshaw and C. Scarfe, 383, 1999). The resulting table of stars is sufficient 
to serve as a group of moderate-precision radial velocity standards. 

These stars have been extensively observed for more than a decade at the Center for 
Astrophysics, Geneva Observatory, and the Dominion Astrophysical Observatory. A dis- 
cussion of velocity standards and the mean velocities from these three monitoring programs 
can be found in the report of [AU Commission 30, Reports on Astronomy (Trans. IAU, 
XXIB, 1992). 

Positions are taken from the Hipparcos Catalogue processed by the procedures used 
for the table of bright stars. V magnitudes are taken from the BSC, the Hipparcos Cat- 
alogue or SIMBAD. The spectral types are taken primarily from the list of bright stars. 
Otherwise, the spectral types originate from the BSC, the Hipparcos Catalogue, or the 
original [AU list. 


Variable Stars 


The list of variable stars was compiled by J.A. Mattei using as reference the fourth 
edition of the General Catalogue of Variable Stars, the Sky Catalog 2000.0, Volume 2, A 
Catalog and Atlas of Cataclysmic Variables—2nd Edition, and the data files of the Amer- 
ican Association of Variable Star Observers (AAVSO). The brightest stars for each class 
with amplitude of 0.5 magnitude or more have been selected. The following magnitude 
criteria at maximum brightness are used: 

a. eclipsing variables brighter than magnitude 7.0; 
b. pulsating variables: 
RR Lyrae stars brighter than magnitude 9.0; 
Cepheids brighter than 6.0; 
Mira variables brighter than 7.0; 
Semiregular variables brighter than 7.0; 
Irregular variables brighter than 8.0; 
c. eruptive variables: 
U Geminorum, Z Camelopardalis, SS Cygni, SU Ursae Majoris, 
WZ Sagittae, recurrent novae, very slow novae, nova-like and 
DQ Herculis variables brighter than magnitude 11.0; 
d. other types: 
RV Tauri variables brighter than magnitude 9.0; 
R Coronae Borealis variables brighter than 10.0; 
Symbiotic stars (Z Andromedae) brighter than 10.0; 
6 Scuti variables brighter than 9.0; 
S Doradus variables brighter than 6.0; 
SX Phoenicis variables brighter than 7.0. 

The epoch for eclipsing variables is for time of minimum. The epoch for pulsating, 
eruptive, and other types of variables is for time of maximum. 

Positions and proper motions are taken from NOMAD as described in the photometric 
standards section. 
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Several spectral types were too long to be listed in the table and are given here: 
T Mon: F7lab-K1Iab + AOV 
R Leo: M6e-M8IIle-M9.5e 
TX CVn: B1-B9Veq + KOUI-M4 
AE Aqr: K2Ve + pec(e+CONT) 
VV Cep: M2epla-lab + B8:eV 


Bright Galaxies 


This is a list of 198 galaxies brighter than By = 11.50 and larger than D25 = S’, 
drawn primarily from The Third Reference Catalogue of Bright Galaxies (de Vaucouleurs, 
G. et al., 1991), hereafter referred to as RC3. The data have been reviewed and corrected 
where necessary, or supplemented by H.G. Corwin, R.J. Buta, and G. de Vaucouleurs. 

Two recently recognized dwarf spheroidal galaxies (in Sextans and Sagittarius) that 
are not included in RC3 are added to the list (see Irwin, M. and Hatzidimitriou, D., Mon. 
Not. Roy. Astron. Soc., 277, 1354, 1995; Ibata, R.A. et al., Astron. Jour., 113, 634, 1997). 

Catalog designations are from the New General Catalog (NGC) or from the Index Cat- 
alog (IC). A few galaxies with no NGC or IC number are identified by common names. The 
Small Magellanic Cloud is designated “SMC” rather than NGC 292. Cross-identifications 
for these common names are given in Appendix 8 of RC3 or at the end of the table (page 
H58). 

In most cases, the RC3 position is replaced with a more accurate weighted mean po- 
sition based on measurements from many different sources, some unpublished. Where 
positions for unresolved nuclear radio sources from high-resolution interferometry (usu- 
ally at 6- or 20-cm) are known to coincide with the position of the optical nucleus, the 
radio positions are adopted. Similarly, positions have been adopted from the Two Micron 
All-Sky Survey (2MASS, e.g. Jarrett, T.H. et al., Astron. Jour., 119, 2498, 2000) where 
these coincide with the optical nucleus. Positions for Magellanic irregular galaxies without 
nuclei (e.g. LMC, NGC 6822, IC 1613) are for the centers of the bars in these galaxies. Po- 
sitions for the dwarf spheroidal galaxies (e.g. Fornax, Sculptor, Carina) refer to the peaks 
of the luminosity distributions. The precision with which the position is listed reflects the 
accuracy with which it is known. The mean errors in the listed positions are 2-3 digits in 
the last place given. 

Morphological types are based on the revised Hubble system (see de Vaucouleurs, G., 
Handbuch der Physik, 53, 275, 1959; Astrophys. Jour. Supp., 8, 31, 1963). 

The mean numerical van den Bergh luminosity classification, L, refers to the numerical 
scale adopted in RC3 corresponding to van den Bergh classes as follows: 


1; | 2 3 4 5 6 7 8 o (10) (11) 
clas I LI WI Wl WM IWitv IV IV-V V_ (V-VI (VD 


Classes V-VI and VI (10 and 11 in the numerical scale) are an extension of van den Bergh’s 
original system, which stopped at class V. 

The column headed Log (Dos) gives the logarithm to base 10 of the diameter (in 
tenths of arcmin.) of the major axis at the 25.0 blue mag/arcsec* isophote. Diameters 
with larger than usual standard deviations are noted with brackets. With the exception of 
the Fornax and Sagittarius Systems, the diameters for the highly resolved Local Group 
dwarf spheroidal galaxies are core diameters from fitting of King models to radial profiles 
derived from star counts (Irwin and Hatzidimitriou, op. cit.). The relationship of these core 
diameters to the 25.0 blue mag/arcsec” isophote is unknown. The diameter for the Fornax 
System is a mean of measured values given by de Vaucouleurs and Ables (Astrophys. 
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Jour., 151, 105, 1968) and Hodge and Smith (Astrophys. Jour., 188, 19, 1974), while that 
of Sagittarius is taken from Ibata et al. (op. cit.) and references therein. 

The heading Log (R25) gives the logarithm to base 10 of the ratio of the major to the 
minor axes (D/d) at the 25.0 blue mag/arcsec? isophote. For the dwarf spheroidal galaxies, 
the ratio is a mean value derived from isopleths. 

The position angle of the major axis is for the equinox 1950.0, measured from north 
through east. 

The heading B7 gives the total blue magnitude derived from surface or aperture pho- 
tometry, or from photographic photometry reduced to the system of surface and aperture 
photometry, uncorrected for extinction or redshift. Because of very low surface bright- 
nesses, the magnitudes for the dwarf spheroidal galaxies (see Irwin and Hatzidimitriou, 
op. cit.) are very uncertain. The total magnitude for NGC 6822 is from P.W. Hodge (As- 
tron. Astrophys. Supp., 33, 69, 1977). A colon indicates a larger than normal standard 
deviation associated with the magnitude. 

The total colors, B—V and U—B, are uncorrected for extinction or redshift. RC3 
gives total colors only when there are aperture photometry data at apertures larger than 
the effective (half-light) aperture. However, a few of these galaxies have a considerable 
amount of data at smaller apertures, and also have small color gradients with aperture. 
Thus, total colors for these objects have been determined by further extrapolation along 
standard color curves. The colors for the Fornax System are taken from de Vaucouleurs 
and Ables (op. cit.), while those for the other dwarf spheroidal systems are from the recent 
literature, or from unpublished aperture photometry. The colors for NGC 6822 are from 
Hodge (op. cit.). A colon indicates a larger than normal standard deviation associated with 
the color. 

The weighted mean heliocentric radial velocity is derived from neutral hydrogen and/or 
optical redshifts, expressed as v = cz = c(AA/A), following the optical convention. 

In maintaining this list, extensive use is made of these services: The NASA/IPAC 
Extragalactic Database (NED), operated by the Jet Propulsion Laboratory, California In- 
stitute of Technology, under contract with the National Aeronautics and Space Adminis- 
tration (NASA); the Digitized Sky Surveys made available by the Space Telescope Science 
Institute, operated by NASA; and the Two Micron All Sky Survey, a joint project of the 
University of Massachusetts and the Infrared Processing and Analysis Center/California 
Institute of Technology, funded by NASA and the National Science Foundation. 


Star Clusters 


The list of open clusters comprises a selection of 319 open clusters which have been 
studied in some detail so that a reasonable set of data is available for each. With the 
exception of the magnitude and Trumpler class data, all data are taken from the New Cat- 
alog of Optically Visible Open Clusters and Candidates (Dias, W.S. et al., Astron. As- 
trophys., 389, 871, 2002) supplied by Wilton Dias and updated current to 2007 (version 
2.7 of the catalog). The catalog is available at http://www.astro.iag.usp.br/ “wilton. The 
“Trumpler Class” and “Mag. Mem.” columns are taken from fifth (1987) edition of the 
Lund-Strasbourg catalog (original edition described by G. Lynga, Astron. Data Cen. Bul., 
2, 1981), with updates and corrections to the data current to 1992. 

For each cluster, two identifications are given. First is the designation adopted by the 
IAU, while the second is the traditional name. Alternate names for some clusters are given 
on page H65. 
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Positions are for the central coordinates of the clusters, referred to the mean equator 
and equinox of the middle of the Julian year. Cluster mean absolute proper motion and 
radial velocity are used in the calculation when available. 

Apparent angular diameters of the clusters are given in arcminutes and distances be- 
tween the clusters and the Sun are given in parsecs. The logarithm to the base 10 of the 
cluster age in years is determined from the turnoff point on the main sequence. Under the 
heading “Mag. Mem.” is the visual magnitude of the brightest cluster member. E (p_vy is 
the color excess. Metallicity is mostly determined from photometric narrow band or inter- 
mediate band studies. Trumpler classification is defined by R.S. Trumpler (Lick Obs. Bul., 
XIV, 154, 1930). 

The list of 150 Milky Way globular clusters is compiled from the February 2003 revi- 
sion of a Catalog of Parameters for Milky Way Globular Clusters supplied by William E. 
Harris. The complete catalog containing basic parameters on distances, velocities, metal- 
licities, luminosities, colors, and dynamical parameters, a list of source references, an ex- 
planation of the quantities, and calibration information are accessible at http://physwww. 
physics.mcmaster.ca/%7Eharris/mwgc.dat. The catalog is also briefly described in Harris, 
W.E., Astron. Jour., 112, 1487, 1996. 

The present catalog contains objects adopted as certain or highly probable Milky Way 
globular clusters. Objects with virtually no data entries in the catalog still have somewhat 
uncertain identities. The adoption of a final candidate list continues to be a matter of some 
arbitrary judgment for certain objects. The bibliographic references should be consulted 
for excellent discussions of these individually troublesome objects, as well as lists of other 
less likely candidates. 

The adopted integrated V magnitudes of clusters, V,, are the straight averages of the 
data from all sources. The integrated B—V colors of clusters are on the standard Johnson 
system. 

Measurements of the foreground reddening, E(g_—y), are the averages of the given 
sources (up to 4 per cluster), with double weight given to the reddening from well cali- 
brated (120 clusters) color-magnitude diagrams. The typical uncertainty in the reddening 
for any cluster is on the order of 10 percent, i.e. A{E (g_y)] = 0.1Eg_y). 

The primary distance indicator used in the calculation of the apparent visual distance 
modulus, (m—M)y, is the mean V magnitude of the horizontal branch (or RR Lyrae stars), 
Vup. The absolute calibration of Vx adopted here uses a modest dependence of absolute 
V magnitude on metallicity, My (HB) = 0.15[Fe/H] + 0.80. The V (HB) here denotes the 
mean magnitude of the HB stars, without further adjustments to any predicted zero age HB 
level. Wherever possible, it denotes the mean magnitude of the RR Lyrae stars directly. 
No adjustments are made to the mean V magnitude of the horizontal branch before using 
it to estimate the distance of the cluster. For a few clusters (mostly ones in the Galactic 
bulge region with very heavy reddening), no good [Fe/H] estimate is currently available; 
for these cases, a value [Fe/H] = —1 is assumed. 

The heavy-element abundance scale, [Fe/H], adopted here is the one established by 
Zinn and West (Astrophys. Jour. Supp., 55, 45, 1984). This scale has recently been rein- 
vestigated as being nonlinear when calibrated against the best modern measurements of 
[Fe/H] from high-dispersion spectra (see Carretta and Gratton, Astron. Astrophys. Supp., 
121, 95, 1997 and Rutledge, Hesser, and Stetson, Pub. Astron. Soc. Pac., 109, 907, $997). 
In particular, these authors suggest that the Zinn—West scale overestimates the metallicities 
of the most metal-rich clusters. However, the present catalog maintains the older (Zinn— 
West) scale until a new consensus is reached in the primary literature. 
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The adopted heliocentric radial velocity, v,, for each cluster is the average of the avail- 
able measurements, each one weighted inversely as the published uncertainty. 

A ‘c’ following the value for the central concentration index denotes a core-collapsed 
cluster. The listed values of r, and c should not be used to calculate a value of tidal radius 
r, for core-collapsed clusters. Trager, Djorgovski, and King (in Structure and Dynamics 
of Globular Clusters, eds. Djorgovski and Meylan, ASP Conf. Series, 50, 347, 1993) 
arbitrarily adopt c = 2.50 for such clusters, and these have been carried over to the present 
catalog. The ‘c:’ symbol denotes an uncertain identification of the cluster as being core- 
collapsed. 

The cluster core radii, r,, and the central concentration c = log(r;/r¢), where 7; is the 
tidal radius, are taken primarily from the comprehensive discussion of Trager, Djorgovski, 
and King (op. cit.). Updates for a few clusters (Pal 2, N6144, N6352, Ter 5, N6544, Pal 
8, Pal 10, Pal 12, Pal 13) are taken from Trager, King, and Djorgovski, Astron. Jour., 109, 
218, 1995. 


Radio Sources 


The list of radio source positions gives the 212 defining sources of the ICRF. Based 
upon the varying quality of the VLBI data analysis, the objects in the ICRF are classified 
in three categories: defining, candidate and other sources. Data for all the 608 ICRF ex- 
tragalactic radio sources can be obtained at http://hpiers.obspm.fr/icrs-pc/. The candidate 
source 3C 274 is included in the list due to its popularity. 

The data presented here are taken from C. Ma and M. Feissel (eds), Definition and 
Realization of the International Celestial Reference System by VLBI Astrometry of Extra- 
galactic Objects, International Earth Rotation Service (TERS) Technical Note 23, Observa- 
toire de Paris, 1997. The positions provide a practical realization of the ICRS. The column 
headed V gives apparent visual magnitude, the column headed z gives redshift, and the 
column headed Ssguy, gives the flux density in Janskys at 5 GHz. The codes listed under 
Type are given at the end of the table (page H73). 

Data for the list of radio flux standards are due to Baars, J.W.M. et al., Astron. Astro- 
phys., 61, 99, 1977, as updated by Kraus, Krichbaum, Pauliny-Toth, and Witzel (current 
to 2007). Flux densities S, measured in Janskys, are given for twelve frequencies rang- 
ing from 400 to 43200 MHz. Positions are referred to the mean equinox and equator of 
J2000.0. Positions of 3C 48, 3C 147, 3C 274 and 3C 286 are taken from the ICRF database 
found at the website listed above. Positions of the other sources are due to Baars et al., 
(op. cit.). 

The codes listed under the column headed “Spec.” describe the spectrum: “Th” indi- 
cates thermal; “S” indicates that a straight line has been fitted to the data; “C-” indicates 
that a concave parabola has been fitted to the data. 


X-Ray Sources 


The primary criterion for the selection of X-ray sources is having an identified optical 
counterpart. However, well-studied sources lacking optical counterparts are also included. 
The most commonly known name of the X-ray source appears in the column headed Name. 
Positions are for those of the optical counterparts, except when none is listed in the col- 
umn headed Identified Counterpart. Positions and proper motions are taken from NOMAD 
described on page L16. The X-ray flux in the 2 — 10 keV energy range is given in micro- 
Janskys (ywJy) in the column headed Flux. In some cases, a range of flux values is pre- 
sented, representing the variability of these sources. The identified optical counterpart (or 
companion in the case of an X-ray binary system) is listed in the column headed Identi- 
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fied Counterpart. The type of X-ray source is listed in the column headed Type. Neutron 
stars in binary systems that are known to exhibit many X-ray bursts are designated “B” for 
“Burster.” X-ray sources that are suspected of being Black Holes have the “BHC” designa- 
tion for “Black Hole Candidate.” Supernova remnants have the “SNR” designation. Other 
neutron stars in binaries which do not burst and are not known as X-ray pulsars have been 
given the “NS” designation. All codes in the Type column are explained at the end of the 
table (page H76). 

The data in this table are courtesy of M. Stollberg (USNO). He drew from several 
current source catalogs to compile the table. For the X-ray binary sources, the catalogs 
of van Paradijs (X-Ray Binaries, ed. W.H.G. Lewin, J. van Paradijs, and E.P.J. van den 
Heuvel, 536, 1995) and Liu, van Paradijs, and van den Heuvel (Astron. Astrophys., 147, 
25, 2000) are used. Other sources are selected from the Fourth Uhuru Catalog (Forman et 
al., Astrophys. Jour. Supp., 38, 357, 1978), hereafter referred to as 4U. Fluxes in Jy in the 
2 — 10 keV range for X-ray binary sources were readily given by the van Paradijs and Liu, 
van Paradijs, and van den Heuvel papers. Other fluxes were obtained by converting the 4U 
count rates. The conversion factor can be found in the paper “The Optical Counterparts of 
Compact Galactic X-ray Sources” by H.V.D. Bradt and J.E. McClintock (Ann. Rev. Astron. 
Astrophys., 21, 13, 1983). 

The tabulated magnitudes are the optical magnitude of the counterpart in the V filter, 
unless marked by an asterisk, in which case the B magnitude is given. Variable magnitude 
objects are denoted by “V”; for these objects the tabulated magnitude pertains to maximum 
brightness. 

Tables of X-Ray source data for several years are available in both PDF and ASCII 
formats on The Astronomical Almanac Online “Ww. 


Quasars 


A set of quasars is selected from A Catalogue of Quasars and Active Nuclei, 12th 
Edition (M.-P. Véron-Cetty and P. Véron, Astron. Astrophys., 455, 773, 2006). This edition 
of the catalog contains quasars with measured redshift known prior to January Ist, 2006 
and was motivated by the release of the last three installments of the Sloan Digital Sky 
Survey. Gravitationally lensed quasars and quasar pairs are excluded from the catalog. 

The data are compiled by S. Stewart (USNO) based on the selection criteria suggested 
by W. Keel (Univ. of Alabama). The following selection criteria, that are not mutually 
exclusive, are used: 


V < 14.5 (48 quasars); 

M (abs) < —30.6 (8 quasars); 

z (redshift) > 5.0 (28 quasars); 

6 cm flux density > 5.3 Janskys (15 quasars). 


The sources PHL 5200, a bright quasar with with an interesting absorption system, and 
QSO 0302-003, a high-redshift quasar suitable for He I] Gunn-Peterson observations, are 
also included. No objects classified as BL Lac or AGN (active galactic nuclei) are included. 

Positions are either optical or radio and have accuracies better than 1 arcsecond; 
sources with approximate positions were excluded from the table. Apparent magnitudes 
are visual. 


Pulsars 


Data for the 99 pulsars presented in this table are provided by Z. Arzoumanian (NASA/ 
GSFC). Tabulated information is derived from the pulsar catalog described by Manchester, 
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R.N. et al., (Astron. Jour., 129, 1993; http://www.atnf.csiro.au/research/pulsar/psrcat). 
Data for B0540-69 are derived from Johnston, S. et al., (Mon. Not. Roy. Astron. Soc., 
355, 31,2004). 

Pulsars chosen are either bright, with S499, the mean flux density at 400 MHz, greater 
than 80 milli-Janskys; fast, with spin period less than 100 milli-seconds; or have binary 
companions. Pulsars without measured spin-down rates and very weak pulsars (with mea- 
sured 400 MHz flux density below 0.9 milli-Jansky) are excluded. A few other interesting 
systems are also included. 

Positions are referred to the equator and equinox of J2000.0. For each pulsar the period 
P in seconds and the time rate of change P in 107!5ss~! are given for the specified epoch. 
The group velocity of radio waves is reduced from the speed of light in a vacuum by the 
dispersive effect of the interstellar medium. The dispersion measure DM is the integrated 
column density of free electrons along the line of sight to the pulsar; it is expressed in 
units cm~? pc. The epoch of the period is in Modified Julian Date (MJD), where MJD = 
JD — 2400000.5. 


Gamma Ray Sources 


The table of Gamma Ray Sources contains a selection of historically important sources, 
well known sources, and extremely bright sources. Bright, INTEGRAL detected transients 
and new unidentified TeV sources were added to the table in the 2008 edition. The table 
is a subset from a catalog of gamma ray sources (Macomb and Gehrels, Astrophys. Jour. 
Supp., 120, 335, 1999). 

The table gives two designations for most sources: the most common source name in 
the column headed Name and an alternate name in the column headed Alternate Name. 
The Large Magellanic Cloud (LMC) is included in the table because it is an important 
gamma ray source for diffuse emission studies. The position given for the LMC is the cen- 
troid of detection for the EGRET instrument from the Compton Gamma Ray Observatory 
(CGRO). EGRET detected an integrated flux from the LMC thought to be due to cosmic 
ray interactions with the interstellar medium. The observed flux of the source is given with 
the upper and lower limits on the energy range (in MeV) over which it has been observed. 
The flux, in photons cm~7s7!, is an integrated flux over this energy range. In many cases, 
no upper limit energy is given. For those cases, the flux is the peak observed flux. For 
SN1987A, the flux given is only for a single observed spectral line; hence the designation 
“line” is given. The column headed Type uses a single letter code to identify the type of 
source; codes are defined at the end of the table on page H83. 

Tables of Gamma Ray source data for several years are available in both PDF and 
ASCII formats on The Astronomical Almanac Online “Ww. 


Section J: Observatories 


The list of observatories is intended to serve as a finder list for planning observations 
or other purposes not requiring precise coordinates. Members of the list are chosen on the 
basis of instrumentation, and being active in astronomical research, the results of which 
are published in the current scientific literature. Most of the observatories provided their 
own information, and the coordinates listed are for one of the instruments on their grounds. 
Thus the coordinates may be astronomical, geodetic, or other, and should not be used for 
rigorous reduction of observations. A searchable list of observatories is available on The 
Astronomical Almanac Online “Ww. 
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Section K: Tables and Data 


Selected astronomical constants are given on pages K6—K7, along with a short ref- 
erence that indicates where the constants have been used, quoted or derived from. The 
following is the full reference list, together with the reference code used. 


C: CODATA 2006, http://physics.nist.gov/constants. 

CC: Report 10 of the IAU/IAG Working Group on Cartographic Coordinates & Rota- 
tional Elements: 2006, Seidelmann, P.K., et al., Celest. Mech., 98, 155-180, 2007. 
E: IERS Conventions 2003, Technical Note 32, McCarthy, D.D. & Petit, G., Chapter 1. 
G: IAG XXII GA, 1999, Special Commission SC3, Fundamental Constants, Groten, 
E., Geodesists Handbook 2000, “Parameters of Common Relevance of Astronomy, 

Geodesy, and Geodynamics”, J. Geod., 74, 134-140. 

H: Hilton, J., Astrophys. Journ., 117, 1077-1086, 1999. 

Igg: [AU XXVI General Assembly (2006) resolutions, including the Report of the [AU 
Division I Working Group on Precession and the Ecliptic, Celest. Mech., 94, 351- 
367, 2006. 

I: [AU XXIV General Assembly (2000), resolutions B1.5, B1.6, B1.9, and [AU2000A 
precession-nutation. 

I*: [AU (1976) System of Astronomical Constants. 

J: JPL IOM 312.F-98-048, Standish, E.M., 1998 (DE405/LE405 Ephemeris). 

P: Capitaine, N., Wallace, P.T., & Chapront, J., Astron. & Astrophys., 412, 567-586, 
2003. 


Both ASCII and PDF versions of KO—K7 are available from The Astronomical Online 
Www as are the [AU (1976) constants. 

Constants are a topic that is under scrutiny of the [AU Working Group on Numerical 
Standards for Fundamental Astronomy (NFSA) and IAU Commission 52 on Relativity in 
Fundamental Astronomy (RIFA). NFSA is developing a list of “Current Best Estimates” to 
be presented at the 2009 IAU. This list may be found at http://maia.usno.navy.mil/NSFA. 
html, while RIFA (see http://astro.geo.tu-dresden.de/RIFA) is discussing issues related to 
the relativistic aspects of the astronomical constants and their units. 

The AT values provided on pages K8—K9 are not necessarily those used in the pro- 
duction of The Astronomical Almanac or its predecessors. They are tabulated primarily 
for those involved in historical research. Estimates of AT are derived from data published 
in Bulletins B and C of the International Earth Rotation and Reference Systems Service 
(IERS) (see http://www.iers.org/MainDisp.csl?pid=36-9). Coordinates of the celestial pole 
(from 2003, the Celestial Intermediate Pole) on page K10 are also taken from section 2 of 
TERS Bulletin B. 


Section M: Glossary 


The definitions provided in the glossary have been composed by staff members of 
Her Majesty’s Nautical Almanac Office and the US Naval Observatory’s Astronomical 
Applications Department. Various astronomical dictionaries and encyclopedia are used 
to ensure correctness and to develop particular phrasing. E. M. Standish (Jet Propulsion 
Laboratory, California Institute of Technology) and S. Klioner (Technischen Universitat 
Dresden) were also consulted in updating the content of the definitions in recent editions. 
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The glossary is not intended to be a complete astronomical reference, but instead clar- 
ify terms used within The Astronomical Almanac and The Astronomical Almanac Online. 
A PDF version and an HTML version are found on The Astronomical Almanac Online 


Www. 


This symbol indicates that these data or auxiliary material 
may also be found on The Astronomical Almanac Online 
at http://asa.usno.navy.mil and http://asa.hmnao.com 
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AT: the difference between Terrestrial Time (TT) and Universal Time (UT): AT = TT — 
UpTyle 
AUT1 (or AUT): the value of the difference between Universal Time (UT) and Coordinated 
Universal Time (UTC): AUT1 = UT1 — UTC. 
aberration (of light): the relativistic apparent angular displacement of the observed position 
of a celestial object from its geometric position, caused by the motion of the observer in 
the reference system in which the trajectories of the observed object and the observer are 
described. (See aberration, planetary.) 
aberration, annual: the component of stellar aberration resulting from the motion of the 
Earth about the Sun. (See aberration, stellar.) 
aberration, diurnal: the component of stellar aberration resulting from the observer’s 
diurnal motion about the center of the Earth due to Earth’s rotation. (See aberration, 
stellar.) 
aberration, E-terms of: the terms of annual aberration which depend on the eccentricity 
and longitude of perihelion of the Earth. (See aberration, annual; perihelion.) 
aberration, elliptic: see aberration, E-terms of. 
aberration, planetary: the apparent angular displacement of the observed position of a solar 
system body from its instantaneous geometric direction as would be seen by an observer 
at the geocenter. This displacement is produced by the combination of aberration of light 
and light-time displacement. 
aberration, secular: the component of stellar aberration resulting from the essentially 
uniform and almost rectilinear motion of the entire solar system in space. Secular aber- 
ration is usually disregarded. (See aberration, stellar.) 
aberration, stellar: the apparent angular displacement of the observed position of a ce- 
lestial body resulting from the motion of the observer. Stellar aberration is divided into 
diurnal, annual, and secular components. (See aberration, annual; aberration, diurnal; 
aberration, stellar.) 
altitude: the angular distance of a celestial body above or below the horizon, measured along 
the great circle passing through the body and the zenith. Altitude is 90° minus the zenith 
distance. 
annual parallax: see parallax, heliocentric. 
anomaly: the angular separation of a body in its orbit from its pericenter. 
anomaly, eccentric: in undisturbed elliptic motion, the angle measured at the center of 
the orbit ellipse from pericenter to the point on the circumscribing auxiliary circle from 
which a perpendicular to the major axis would intersect the orbiting body. (See anomaly, 
mean; anomaly, true.) 
anomaly, mean: the product of the mean motion of an orbiting body and the interval of 
time since the body passed the pericenter. Thus, the mean anomaly is the angle from the 
pericenter of a hypothetical body moving with a constant angular speed that is equal to the 
mean motion. In realistic computations, with disturbances taken into account, the mean 
anomaly is equal to its initial value at an epoch plus an integral of the mean motion over 
the time elapsed since the epoch. (See anomaly, eccentric; anomaly, mean at epoch; 
anomaly, true.) 
anomaly, mean at epoch: the value of the mean anomaly at a specific epoch, 1.e., at some 
fiducial moment of time. It is one of the six Keplerian elements that specify an orbit. 
(See Keplerian Elements; orbital elements.) 
anomaly, true: the angle, measured at the focus nearest the pericenter of an elliptical 
orbit, between the pericenter and the radius vector from the focus to the orbiting body; 
one of the standard orbital elements. (See anomaly, eccentric; anomaly, mean; orbital 
elements.) 
aphelion: the point in an orbit that is the most distant from the Sun. 
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apocenter: the point in an orbit that is farthest from the origin of the reference system. (See 
aphelion; apogee.) 

apogee: the point in an orbit that is the most distant from the Earth. Apogee is sometimes used 
with reference to the apparent orbit of the Sun around the Earth. 

apparent place: coordinates of a celestial object, referred to the true equator and equinox 
at a specific date, obtained by removing from the directly observed position of the object 
the effects that depend on the topocentric location of the observer, i.e., refraction, diurnal 
aberration, and geocentric (diurnal) parallax. Thus, the position at which the object would 
actually be seen from the center of the Earth — if the Earth were transparent, nonrefracting, 
and massless — referred to the true equator and equinox. (See aberration, diurnal.) 

apparent solar time: the measure of time based on the diurnal motion of the true Sun. The 
rate of diurnal motion undergoes seasonal variation caused by the obliquity of the ecliptic and 
by the eccentricity of the Earth’s orbit. Additional small variations result from irregularities 
in the rotation of the Earth on its axis. 

appulse: the least apparent distance between one celestial object and another, as viewed from 
a third body. For objects moving along the ecliptic and viewed from the Earth, the time of 
appulse is close to that of conjunction in ecliptic longitude. 

Aries, First point of: another name for the vernal equinox. 

aspect: the position of any of the planets or the Moon relative to the Sun, as seen from the 
Earth. 

astrometric ephemeris: an ephemeris of a solar system body in which the tabulated positions 
are astrometric places. Values in an astrometric ephemeris are essentially comparable to 
catalog mean places of stars after the star positions have been updated for proper motion and 
parallax. 

astrometric place: direction of a solar system body formed by applying the correction for 
light-time displacement to the geometric position. Such a position is directly comparable 
with the astrometric positions of stars after the star positions have been updated for proper 
motion and parallax. 

astronomical coordinates: the longitude and latitude of the point on Earth relative to the 
geoid. These coordinates are influenced by local gravity anomalies. (See latitude, terrestrial; 
longitude, terrestrial; zenith.) 

astronomical refraction: see refraction, astronomical. 

astronomical unit (AU): the radius of a circular orbit in which a body of negligible mass, and 
free of perturbations, would revolve around the Sun in 27/k days, k being the Gaussian 
gravitational constant. This is slightly less than the semimajor axis of the Earth’s orbit. 

astronomical zenith: see zenith, astronomical. 

atomic second: see second, Systeme International (SI). 

augmentation: the amount by which the apparent semidiameter of a celestial body, as observed 
from the surface of the Earth, is greater than the semidiameter that would be observed from 
the center of the Earth. 

autumnal equinox: see equinox, autumnal. 

azimuth: the angular distance measured eastward along the horizon from a specified reference 
point (usually north). Azimuth is measured to the point where the great circle determining the 
altitude of an object meets the horizon. 

barycenter: the center of mass of a system of bodies; e.g., the center of mass of the solar system 
or the Earth-Moon system. 

barycentric: with reference to, or pertaining to, the barycenter (usually of the solar system). 

Barycentric Celestial Reference System (BCRS): a system of barycentric space-time coordi- 
nates for the solar system within the framework of General Relativity. The metric tensor to be 
used in the system is specified by the IAU 2000 resolution B1.3. For all practical applications, 
unless otherwise stated, the BCRS is assumed to be oriented according to the ICRS axes. (See 
Barycentric Coordinate Time (TCB).) 
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Barycentric Coordinate Time (TCB): the coordinate time of the Barycentric Celestial Ref- 
erence System (BCRS), which advances by SI seconds within that system. TCB is related to 
Geocentric Coordinate Time (TCG) and Terrestrial Time (TT) by relativistic transforma- 
tions that include a secular term. (See second, Systéme International (SI).) 

Barycentric Dynamical Time (TDB): A time scale defined by the IAU (originally in 1976; 
named in 1979; revised in 2006) for use as an independent argument of barycentric ephem- 
erides and equations of motion. TDB is a linear function of Barycentric Coordinate Time 
(TCB) that on average tracks TT over long periods of time; differences between TDB and 
TT evaluated at the Earth’s surface remain under 2 ms for several thousand years around the 
current epoch. TDB is functionally equivalent to Tepn, the independent argument of the JPL 
planetary and lunar ephemerides DE405/LE405. (See second, Systéme International (SI).) 

Besselian elements: quantities tabulated for the calculation of accurate predictions of an eclipse 
or occultation for any point on or above the surface of the Earth. 

calendar: a system of reckoning time in units of solar days. The days are enumerated according 
to their position in cyclic patterns usually involving the motions of the Sun and/or the Moon. 

catalog equinox: see equinox, catalog. 

Celestial Ephemeris Origin (CEO): the original name for the Celestial Intermediate Origin 
(CIO) given in the IAU 2000 resolutions. Obsolete. 

celestial equator: the plane perpendicular to the Celestial Intermediate Pole (CIP). Colloqui- 
ally, the projection onto the celestial sphere of the Earth’s equator. (See mean equator and 
equinox; true equator and equinox.) 

Celestial Intermediate Origin (CIO): the non-rotating origin of the Celestial Intermediate 
Reference System. Formerly referred to as the Celestial Ephemeris Origin (CEO). 

Celestial Intermediate Origin Locator (CIO Locator): denoted by s, is the difference between 
the Geocentric Celestial Reference System (GCRS) right ascension and the intermediate 
right ascension of the intersection of the GCRS and intermediate equators. 

Celestial Intermediate Pole (CIP): the reference pole of the [AU 2000A precession nutation 
model. The motions of the CIP are those of the Tisserand mean axis of the Earth with periods 
greater than two days. (See nutation; precession.) 

Celestial Intermediate Reference System: a geocentric reference system related to the Geo- 
centric Celestial Reference System (GCRS) by a time-dependent rotation taking into account 
precession-nutation. It is defined by the intermediate equator of the Celestial Intermediate 
Pole (CIP) and the Celestial Intermediate Origin (CIO) on a specific date. 

celestial pole: see pole, celestial. 

celestial sphere: an imaginary sphere of arbitrary radius upon which celestial bodies may be 
considered to be located. As circumstances require, the celestial sphere may be centered at 
the observer, at the Earth’s center, or at any other location. 

center of figure: that point so situated relative to the apparent figure of a body that any line 
drawn through it divides the figure into two parts having equal apparent areas. If the body is 
oddly shaped, the center of figure may lie outside the figure itself. 

center of light: same as center of figure except referring only to the illuminated portion. 

conjunction: the phenomenon in which two bodies have the same apparent ecliptic longitude or 
right ascension as viewed from a third body. Conjunctions are usually tabulated as geocentric 
phenomena. For Mercury and Venus, geocentric inferior conjunctions occur when the planet 
is between the Earth and Sun, and superior conjunctions occur when the Sun is between the 
planet and Earth. (See longitude, ecliptic.) 

constellation: 1. A grouping of stars, usually with pictorial or mythical associations, that 
serves to identify an area of the celestial sphere. 2. One of the precisely defined areas of 
the celestial sphere, associated with a grouping of stars, that the International Astronomical 
Union (IAU) has designated as a constellation. 

Coordinated Universal Time (UTC): the time scale available from broadcast time signals. 
UTC differs from International Atomic Time (TAI) by an integral number of seconds; 
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it is maintained within +089 seconds of UT1 by the introduction of leap seconds. (See 
International Atomic Time (TAI); Universal Time (UT); leap second.) 
culmination: the passage of a celestial object across the observer’s meridian; also called 
“meridian passage”’. 
culmination, lower: (also called “culmination below pole” for circumpolar stars and the 
Moon) is the crossing farther from the observer’s zenith. 
culmination, upper: (also called “culmination above pole” for circumpolar stars and the 
Moon) or transit is the crossing closer to the observer’s zenith. 

day: an interval of 86 400 SI seconds, unless otherwise indicated. (See second, Systéme 
International (SD.) 

declination: angular distance on the celestial sphere north or south of the celestial equator. It 
is measured along the hour circle passing through the celestial object. Declination is usually 
given in combination with right ascension or hour angle. 

defect of illumination: (sometimes, greatest defect of illumination): the maximum angular 
width of the unilluminated portion of the apparent disk of a solar system body measured along 
a radius. 

deflection of light: the angle by which the direction of a light ray is altered from a straight line 
by the gravitational field of the Sun or other massive object. As seen from the Earth, objects 
appear to be deflected radially away from the Sun by up to 1.75 at the Sun’s limb. Correction 
for this effect, which is independent of wavelength, is included in the transformation from 
mean place to apparent place. 

deflection of the vertical: the angle between the astronomical vertical and the geodetic vertical. 
(See astronomical coordinates; geodetic coordinates; zenith.) 

delta T: see AT. 

delta UT1: see AUT1 (or AUT). 

direct motion: for orbital motion in the solar system, motion that is counterclockwise in the 
orbit as seen from the north pole of the ecliptic; for an object observed on the celestial sphere, 
motion that is from west to east, resulting from the relative motion of the object and the Earth. 

diurnal motion: the apparent daily motion, caused by the Earth’s rotation, of celestial bodies 
across the sky from east to west. 

diurnal parallax: see parallax, geocentric. 

dynamical equinox: the ascending node of the Earth’s mean orbit on the Earth’s true equator; 
i.e., the intersection of the ecliptic with the celestial equator at which the Sun’s declination 
changes from south to north. (See catalog equinox; equinox; true equator and equinox.) 

dynamical time: the family of time scales introduced in 1984 to replace ephemeris time 
(ET) as the independent argument of dynamical theories and ephemerides. (See Barycentric 
Dynamical Time (TDB); Terrestrial Time (TT).) 

Earth Rotation Angle (ERA): the angle, 6, measured along the equator of the Celestial 
Intermediate Pole (CIP) between the direction of he Celestial Intermediate Origin (CIO) 
and the Terrestrial Intermediate Origin (TIO). It is a linear function of UT1; its time 
derivative is the Earth’s angular velocity. 

eccentricity: 1. A parameter that specifies the shape of a conic secton. 2. One of the standard 
elements used to describe an elliptic or hyperbolic orbit. For an elliptical orbit, the quantity 

= \/1—(b?/a?), where a and b are the lengths of the semimajor and semiminor axes, 
respectively. (See orbital elements.) 

eclipse: the obscuration of a celestial body caused by its passage through the shadow cast by 
another body. 

eclipse, annular: a solar eclipse in which the solar disk is not completely covered but 
is seen as an annulus or ring at maximum eclipse. An annular eclipse occurs when the 
apparent disk of the Moon is smaller than that of the Sun. (See eclipse, solar.) 

eclipse, lunar: an eclipse in which the Moon passes through the shadow cast by the Earth. 
The eclipse may be total (the Moon passing completely through the Earth’s umbra), 
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partial (the Moon passing partially through the Earth’s umbra at maximum eclipse), or 
penumbral (the Moon passing only through the Earth’s penumbra). 
eclipse, solar: actually an occultation of the Sun by the Moon in which the Earth passes 
through the shadow cast by the Moon. It may be total (observer in the Moon’s umbra), 
partial (observer in the Moon’s penumbra), annular, or annular-total. (See eclipse, 
annular.) 
ecliptic: 1. The mean plane of the orbit of the Earth-Moon barycenter around the solar system 
barycenter. 2. The apparent path of the Sun around the celestial sphere. 
ecliptic latitude: see latitude, ecliptic. 
ecliptic longitude: see longitude, ecliptic. 
elements: a set of parameters used to describe the position and/or motion of an astronomical 
object. 
elements, Besselian: see Besselian elements. 
elements, Keplerian: see Keplerian Elements. 
elements, mean: see mean elements. 
elements, orbital: see orbital elements. 
elements, osculating: see osculating elements. 
elongation, greatest: the maximum value of the geocentric angular distance of a solar system 
body interior to the Earth’s orbit from the Sun. 
elongation, planetary: the geocentric angle between a planet and the Sun. Planetary elonga- 
tions are measured from 0° to 180°, east or west of the Sun. 
elongation, satellite: the geocentric angle between a satellite and its primary. Satellite elonga- 
tions are measured from 0° east or west of the planet. 
epact: 1. The age of the Moon. 2. The number of days since new moon, diminished by 
one day, on January | in the Gregorian ecclesiastical lunar cycle. (See Gregorian calendar; 
lunar phases.) 
ephemeris: a tabulation of the positions of a celestial object in an orderly sequence for a number 
of dates. 
ephemeris hour angle: an hour angle referred to the ephemeris meridian. 
ephemeris longitude: longitude measured eastward from the ephemeris meridian. (See 
longitude, terrestrial.) 
ephemeris meridian: a fictitious meridian that rotates independently of the Earth at the uniform 
rate implicitly defined by Terrestrial Time (TT). The ephemeris meridian is 1.002 738 AT 
east of the Greenwich meridian, where AT = TT — UT1. 
ephemeris time (ET): the time scale used prior to 1984 as the independent variable in gravita- 
tional theories of the solar system. In 1984, ET was replaced by dynamical time. 
ephemeris transit: the passage of a celestial body or point across the ephemeris meridian. 
epoch: an arbitrary fixed instant of time or date used as a chronological reference datum for 
calendars, celestial reference systems, star catalogs, or orbital motions. (See calendar; 
orbit.) 
equation of the equinoxes: the difference apparent sidereal time minus mean sidereal time, 
due to the effect of nutation in longitude on the location of the equinox. Equivalently, the 
difference between the right ascensions of the true and mean equinoxes, expressed in time 
units. (See sidereal time.) 
equation of the origins: the arc length, measured positively eastward, from the Celestial 
Intermediate Origin (CIO) to the equinox along the intermediate equator; alternatively the 
difference between the Earth Rotation Angle (ERA) and Greenwich Apparent Sidereal 
Time (ERA — GAST). 
equation of time: the difference apparent solar time minus mean solar time. 
equator: the great circle on the surface of a body formed by the intersection of the surface with 
the plane passing through the center of the body perpendicular to the axis of rotation. (See 
celestial equator.) 
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equinox: 1. Either of the two points on the celestial sphere at which the ecliptic intersects the 
celestial equator. 2. The time at which the Sun passes through either of these intersection 
points; i.e., when the apparent ecliptic longitude of the Sun is 0° or 180°. 3. The vernal 
equinox. (See mean equator and equinox; true equator and equinox.) 

equinox, autumnal: 1. The decending node of the ecliptic on the celestial sphere. 2. The 
time which the apparent ecliptic longitude of the Sun is 180°. 

equinox, catalog: the intersection of the hour angle of zero right ascention of a star catalog 
with the celestial equator. Obsolete. 

equinox, dynamical: the ascending node of the ecliptic on the Earth’s true equator. 

equinox, vernal: 1. The ascending node of the ecliptic on the celestial equator. 2. The 
time at which the apparent ecliptic longitude of the Sun is 0°. 

era: a system of chronological notation reckoned from a specific event. 

ERA: see Earth Rotation Angle (ERA). 

flattening: a parameter that specifies the degree by which a planet’s figure differs from that of 
a sphere; the ratio f = (a — b)/a, where a is the equatorial radius and b is the polar radius. 

frame bias: the orientation of the mean equator and equinox of J2000.0 with respect to the 
Geocentric Celestial Reference System (GCRS). It is defined by three small and constant 
angles, two of which describe the offset of the mean pole at J2000.0 and the other is the GCRS 
right ascension of the mean inertial equinex of J2000.0. 

frequency: the number of periods of a regular, cyclic phenomenon in a given measure of time, 
such as a second or a year. (See period; second, Systeme International (SD); year.) 

frequency standard: a generator whose output is used as a precise frequency reference; a 
primary frequency standard is one whose frequency corresponds to the adopted definition 
of the second, with its specified accuracy achieved without calibration of the device. (See 
second, Systeme International (SI).) 

GAST: see Greenwich Apparent Sidereal Time (GAST). 

Gaussian gravitational constant: k = 0.017 202 098 95: the constant defining the astronomical 
system of units of length (astronomical unit (AU)), mass (solar mass) and time (day), 
by means of Kepler’s third law. The dimensions of k? are those of Newton’s constant of 
gravitation: L7M~—!T~?. 

geocentric: with reference to, or pertaining to, the center of the Earth. 

Geocentric Celestial Reference System (GCRS): a system of geocentric space-time coordi- 
nates within the framework of General Relativity. The metric tensor used in the system is 
specified by the [AU 2000 resolutions. The GCRS is defined such that its spatial coordinates 
are kinematically non-rotating with respect to those of the Barycentric Celestial Reference 
System (BCRS). (See Geocentric Coordinate Time (TCG).) 

Geocentric Coordinate Time (TCG): the coordinate time of the Geocentric Celestial Refer- 
ence System (GCRS), which advances by SI seconds within that system. TCG is related to 
Barycentric Coordinate Time (TCB) and Terrestrial Time (TT), by relativistic transforma- 
tions that include a secular term. (See second, Systéme International (SI).) 

geocentric coordinates: 1. The latitude and longitude of a point on the Earth’s surface relative 
to the center of the Earth. 2. Celestial coordinates given with respect to the center of the Earth. 
(See latitude, terrestrial; longitude, terrestrial; zenith.) 

geocentric zenith: see zenith, geocentric. 

geodetic coordinates: the latitude and longitude of a point on the Earth’s surface determined 
from the geodetic vertical (normal to the reference ellipsoid). (See latitude, terrestrial; 
longitude, terrestrial; zenith.) 

geodetic zenith: see zenith, geodetic. 

geoid: an equipotential surface that coincides with mean sea level in the open ocean. On land 
it is the level surface that would be assumed by water in an imaginary network of frictionless 
channels connected to the ocean. 
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geometric position: the position of an object defined by a straight line (vector) between the 
center of the Earth (or the observer) and the object at a given time, without any corrections for 
light-time, aberration, etc. 

GMST: see Greenwich Mean Sidereal Time (GMST). 

greatest defect of illumination: see defect of illumination. 

Greenwich Apparent Sidereal Time (GAST): the Greenwich hour angle of the true equinox 
of date. 

Greenwich Mean Sidereal Time (GMST): the Greenwich hour angle of the mean equinox 
of date. 

Greenwich sidereal date (GSD): the number of sidereal days elapsed at Greenwich since the 
beginning of the Greenwich sidereal day that was in progress at the Julian date (JD) 0.0. 

Greenwich sidereal day number: the integral part of the Greenwich sidereal date (GSD). 

Gregorian calendar: The calendar introduced by Pope Gregory XIII in 1582 to replace the 
Julian calendar. This calendar is now used as the civil calendar in most countries. In the 
Gregorian calendar, every year that is exactly divisible by four is a leap year, except for 
centurial years, which must be exactly divisible by 400 to be leap years. Thus 2000 was a leap 
year, but 1900 and 2100 are not leap years. 

height: the distance above or below a reference surface such as mean sea level on the Earth or 
a planetographic reference surface on another solar system planet. 

heliocentric: with reference to, or pertaining to, the center of the Sun. 

heliocentric parallax: see parallax, heliocentric. 

horizon: 1. A plane perpendicular to the line from an observer through the zenith. 2. The 
observed border between Earth and the sky. 

horizon, astronomical: the plane perpendicular to the line from an observer to the astro- 
nomical zenith that passes through the point of observation. 

horizon, geocentric: the plane perpendicular to the line from an observer to the geocentric 
zenith that passes through the center of the Earth. 

horizon, natural: the border between the sky and the Earth as seen from an observation 
point. 

horizontal parallax: see parallax, horizontal. 

horizontal refraction: see refraction, horizontal. 

hour angle: angular distance on the celestial sphere measured westward along the celestial 
equator from the meridian to the hour circle that passes through a celestial object. 

hour circle: a great circle on the celestial sphere that passes through the celestial poles and is 
therefore perpendicular to the celestial equator. 

IAU: see International Astronomical Union (IAU). 

illuminated extent: the illuminated area of an apparent planetary disk, expressed as a solid 
angle. 

inclination: 1. The angle between two planes or their poles. 2. Usually, the angle between an 
orbital plane and a reference plane. 3. One of the standard orbital elements that specifies the 
orientation of the orbit. (See orbital elements.) 

instantaneous orbit: see orbit, instantaneous. 

International Astronomical Union (IAU): an international non-governmental organization that 
promotes the science of astronomy in all its aspects. The [AU is composed of both national 
and individual members. In the field of positional astronomy, the LAU, among other activities, 
recommends standards for data analysis and modeling, usually in the form of resolutions 
passed at General Assemblies held every three years. 

International Atomic Time (TAI): the continuous time scale resulting from analysis by the 
Bureau International des Poids et Mesures of atomic time standards in many countries. The 
fundamental unit of TAI is the SI second on the geoid, and the epoch is 1958 January 1. (See 
second, Systeme International (SI).) 
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International Celestial Reference Frame (ICRF): 1. A set of extragalactic objects whose 
adopted positions and uncertainties realize the International Celestial Reference System 
(ICRS) axes and give the uncertainties of those axes. 2. The name of the radio catalog whose 
212 defining sources serve as fiducial points to fix the axes of the ICRS, recommended by the 
International Astronomical Union (IAU) in 1997. 

International Celestial Reference System (ICRS): a time-independent, kinematically non- 
rotating barycentric reference system recommended by the International Astronomical 
Union (IAU) in 1997. Its axes are those of the International Celestial Reference Frame 
(ICRF). 

International Terrestrial Reference Frame (ITRF): a set of reference points on the surface 
of the Earth whose adopted positions and velocities fix the rotating axes of the International 
Terrestrial Reference System (ITRS). 

International Terrestrial Reference System (ITRS): a time-dependent, non-inertial reference 
system co-moving with the geocenter and rotating with the Earth. The ITRS is the recom- 
mended system in which to express positions on the Earth. 

invariable plane: the plane through the center of mass of the solar system perpendicular to the 
angular momentum vector of the solar system. 

irradiation: an optical effect of contrast that makes bright objects viewed against a dark 
background appear to be larger than they really are. 

Julian calendar: the calendar introduced by Julius Caesar in 46 B.C. to replace the Roman 
calendar. In the Julian calendar a common year is defined to comprise 365 days, and every 
fourth year is a leap year comprising 366 days. The Julian calendar was superseded by the 
Gregorian calendar. 

Julian date (JD): the interval of time in days and fractions of a day, since 4713 B.C. January 1, 
Greenwich noon, Julian proleptic calendar. In precise work, the timescale, e.g., Terrestrial 
Time (TT) or Universal Time (UT), should be specified. 

Julian date, modified (MJD): the Julian date (JD) minus 2400000.5. 

Julian day number: the integral part of the Julian date (JD). 

Julian proleptic calendar: the calendric system employing the rules of the Julian calendar, 
but extended and applied to dates preceding its introduction. 

Julian year: see year, Julian. 

Keplerian Elements: a certain set of six orbital elements, sometimes referred to as the 
Keplerian set. Historically, this set included the mean anomaly at the epoch, the semimajor 
axis, the eccentricity and three Euler angles: the longitude of the ascending node, the 
inclination, and the argument of pericenter. The time of pericenter passage is often used as 
part of the Keplerian set instead of the mean anomaly at the epoch. Sometimes the longitude 
of pericenter (which is the sum of the longitude of the ascending node and the argument of 
pericenter) is used instead of either the longitude of the ascending node or the argument of 
pericenter. 

Laplacian plane: 1. For planets see invariable plane. 2. For a system of satellites, the fixed 
plane relative to which the vector sum of the disturbing forces has no orthogonal component. 

latitude, celestial: see latitude, ecliptic. 

latitude, ecliptic: angular distance on the celestial sphere measured north or south of the 
ecliptic along the great circle passing through the poles of the ecliptic and the celestial object. 
Also referred to as celestial latitude. 

latitude, terrestrial: angular distance on the Earth measured north or south of the equator 
along the meridian of a geographic location. 

leap second: a second inserted as the 61°* second of a minute at announced times to keep UTC 
within 0°9 of UT1. Generally, leap seconds are added at the end of June or December as 
necessary, but may be inserted at the end of any month. Although it has never been utilized, 
it is possible to have a negative leap second in which case the 60°" second of a minute would 
be removed. (See Coordinated Universal Time (UTC); Universal Time (UT); second, 
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Systéme International (SI).) 

librations: the real or apparent oscillations of a body around a reference point. When referring 
to the Moon, librations are variations in the orientation of the Moon’s surface with respect to an 
observer on the Earth. Physical librations are due to variations in the orientation of the Moon’s 
rotational axis in inertial space. The much larger optical librations are due to variations in the 
rate of the Moon’s orbital motion, the obliquity of the Moon’s equator to its orbital plane, 
and the diurnal changes of geometric perspective of an observer on the Earth’s surface. 

light-time: the interval of time required for light to travel from a celestial body to the Earth. 

light-time displacement: the difference between the geometric and astrometric place of a 
solar system body. It is caused by the motion of the body during the interval it takes light to 
travel from the body to Earth. 

light-year: the distance that light traverses in a vacuum during one year. A light-year is 
approximately 9.46x 10!" km, 5.88 10!” statute miles, 63240 au, and 0.31 parsecs. Often 
distances beyond the solar system are given in parsecs. (See parsec.) 

light, deflection of: see deflection of light. 

limb: the apparent edge of the Sun, Moon, or a planet or any other celestial body with a 
detectable disk. 

limb correction: generally, a small angle (positive or negative) that is added to the tabulated 
apparent semidiameter of a body to compensate for local topography at a specific point along 
the limb. Specifically for the Moon, the angle taken from the Watts lunar limb data (Watts, 
C. B., APAE XVII, 1963) that is used to correct the semidiameter of the Watts mean limb. 
The correction is a function of position along the limb and the apparent librations. The Watts 
mean limb is a circle whose center is offset by about 0’6 from the direction of the Moon’s 
center of mass and whose radius is about 0/4 greater than the semidiameter of the Moon that 
is computed based on its [AU adopted radius in kilometers. 

local sidereal time: the hour angle of the vernal equinox with respect to the local meridian. 

longitude of the ascending node: given an orbit and a reference plane through the primary 
body (or center of mass): the angle, (2, at the primary, between a fiducial direction in the 
reference plane and the point at which the orbit crosses the reference plane from south to 
north. Equivalently, 9) is one of the angles in the reference plane between the fiducial direction 
and the line of nodes. It is one of the six Keplerian elements that specify an orbit. For 
planetary orbits, the primary is the Sun, the reference plane is usually the ecliptic, and the 
fiducial direction is usually toward the equinox. (See node; orbital elements.) 

longitude, celestial: see longitude, ecliptic. 

longitude, ecliptic: angular distance on the celestial sphere measured eastward along the 
ecliptic from the dynamical equinox to the great circle passing through the poles of the 
ecliptic and the celestial object. Also referred to as celestial longitude. 

longitude, terrestrial: angular distance measured along the Earth’s equator from the Green- 
wich meridian to the meridian of a geographic location. 

luminosity class: distinctions in intrinsic brightness among stars of the same spectral type, 
typically given as a Roman numeral. It denotes if a star is a supergiant (Ia or Ib), giant (II or 
III), subgiant (IV), or main sequence — also called dwarf (V). Sometimes subdwarfs (VI) and 
white dwarfs (VII) are regarded as luminosity classes. (See spectral types or classes.) 

lunar phases: cyclically recurring apparent forms of the Moon. New moon, first quarter, full 
moon and last quarter are defined as the times at which the excess of the apparent ecliptic 
longitude of the Moon over that of the Sun is 0°, 90°, 180° and 270°, respectively. (See 
longitude, ecliptic.) 

lunation: the period of time between two consecutive new moons. 

magnitude of a lunar eclipse: the fraction of the lunar diameter obscured by the shadow of the 
Earth at the greatest phase of a lunar eclipse, measured along the common diameter. (See 
eclipse, lunar.) 
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magnitude of a solar eclipse: the fraction of the solar diameter obscured by the Moon at the 
greatest phase of a solar eclipse, measured along the common diameter. (See eclipse, solar.) 
magnitude, stellar: a measure on a logarithmic scale of the brightness of a celestial object. 
Since brightness varies with wavelength, often a wavelength band is specified. A factor of 
100 in brightness is equivalent to a change of 5 in stellar magnitude, and brighter sources 
have lower magnitudes. For example, the bright star Sirius has a visual-band magnitude of 
—1.46 whereas the faintest stars detectable with an unaided eye under ideal conditions have 
visual-band magnitudes of about 6.0. 
mean distance: an average distance between the primary and the secondary gravitating body. 
The meaning of the mean distance depends upon the chosen method of averaging (i.e., aver- 
aging over the time, or over the true anomaly, or the mean anomaly. It is also important 
what power of the distance is subject to averaging.) In this volume the mean distance is 
defined as the inverse of the time-averaged reciprocal distance: ([ r—~tdt)~! . In the two body 
setting, when the disturbances are neglected and the orbit is elliptic, this formula yields the 
semimajor axis, a, which plays the role of mean distance. 
mean elements: average values of the orbital elements over some section of the orbit or 
over some interval of time. They are interpreted as the elements of some reference (mean) 
orbit that approximates the actual one and, thus, may serve as the basis for calculating orbit 
perturbations. The values of mean elements depend upon the chosen method of averaging 
and upon the length of time over which the averaging is made. 
mean equator and equinox: the celestial coordinate system defined by the orientation of the 
Earth’s equatorial plane on some specified date together with the direction of the dynamical 
equinox on that date, neglecting nutation. Thus, the mean equator and equinox moves in 
response only to precession. Positions in a star catalog have traditionally been referred to a 
catalog equator and equinox that approximate the mean equator and equinox of a standard 
epoch. (See catalog equinox; true equator and equinox.) 
mean motion: in undisturbed elliptic motion, the constant angular speed required for a body to 
complete one revolution in an orbit of a specified semimajor axis. 
mean place: coordinates of a star or other celestial object (outside the solar system) at a specific 
date, in the Barycentric Celestial Reference System (BCRS). Conceptually, the coordinates 
represent the direction of the object as it would hypothetically be observed from the solar 
system barycenter at the specified date, with respect to a fixed coordinate system (e.g., the 
axes of the International Celestial Reference Frame (ICRF)), if the masses of the Sun and 
other solar system bodies were negligible. 
mean solar time: a measure of time based conceptually on the diurnal motion of a fiducial 
point, called the fictitious mean Sun, with uniform motion along the celestial equator. 
meridian: a great circle passing through the celestial poles and through the zenith of any 
location on Earth. For planetary observations a meridian is half the great circle passing 
through the planet’s poles and through any location on the planet. 
month: a calendrical unit that approximates the period of revolution of the Moon. Also, the 
period of time between the same dates in successive calendar months. 
month, sidereal: the period of revolution of the Moon about the Earth (or Earth-Moon 
barycenter) in a fixed reference frame. It is the mean period of revolution with respect 
to the background stars. The mean length of the sidereal month is approximately 27.322 
days. 
month, synodic: the period between successive new Moons (as seen from the geocenter). 
The mean length of the synodic month is approximately 29.531 days. 
moonrise, moonset: the times at which the apparent upper limb of the Moon is on the 
astronomical horizon. In The Astronomical Almanac, they are computed as the times when 
the true zenith distance, referred to the center of the Earth, of the central point of the Moon’s 
disk is 90°34’+ s — 7, where s is the Moon’s semidiameter, 7 is the horizontal parallax, 
and 34’ is the adopted value of horizontal refraction. 
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nadir: the point on the celestial sphere diametrically opposite to the zenith. 
node: either of the points on the celestial sphere at which the plane of an orbit intersects a 
reference plane. The position of one of the nodes (the longitude of the ascending node) is 
traditionally used as one of the standard orbital elements. 
nutation: oscillations in the motion of the rotation pole of a freely rotating body that is 
undergoing torque from external gravitational forces. Nutation of the Earth’s pole is specified 
in terms of components in obliquity and longitude. 
obliquity: in general, the angle between the equatorial and orbital planes of a body or, equiv- 
alently, between the rotational and orbital poles. For the Earth the obliquity of the ecliptic is 
the angle between the planes of the equator and the ecliptic; its value is approximately 23°44. 
occultation: the obscuration of one celestial body by another of greater apparent diameter; 
especially the passage of the Moon in front of a star or planet, or the disappearance of a 
satellite behind the disk of its primary. If the primary source of illumination of a reflecting 
body is cut off by the occultation, the phenomenon is also called an eclipse. The occultation 
of the Sun by the Moon is a solar eclipse. (See eclipse, solar.) 
opposition: the phenomenon whereby two bodies have apparent ecliptic longitudes or right 
ascensions that differ by 180° as viewed by a third body. Oppositions are usually tabulated 
as geocentric phenomena. 
orbit: the path in space followed by a celestial body as a function of time. (See orbital 
elements.) 
orbit, elliptical: a closed orbit with an eccentricity less than 1. 
orbit, hyperbolic: an open orbit with an eccentricity greater than 1. 
orbit, instantaneous: the unperturbed two-body orbit that a body would follow if pertur- 
bations were to cease instantaneously. Each orbit in the solar system (and, more generally, 
in the many-body setting) can be represented as a sequence of instantaneous ellipses or 
hyperbolae whose parameters are called orbital elements. If these elements are chosen 
to be osculating, each instantaneous orbit is tangential to the physical orbit. (See orbital 
elements; osculating elements.) 
orbit, parabolic: an open orbit with an eccentricity of 1. 
orbital elements: a set of six independent parameters that specifies an instantaneous orbit. 
Every real orbit can be represented as a sequence of instantaneous ellipses or hyperbolae 
sharing one of their foci. At each instant of time, the position and velocity of the body is 
characterised by its place on one such instantaneous curve. The evolution of this representation 
is mathematically described by evolution of the values of orbital elements. Different sets of 
geometric parameters may be chosen to play the role of orbital elements. The set of Keplerian 
elements is one of many such sets. When the Lagrange constraint (the requirement that the 
instantaneous orbit is tangential to the actual orbit) is imposed upon the orbital elements, they 
are called osculating elements. 
osculating elements: a set of parameters that specifies the instantaneous position and velocity 
of a celestial body in its perturbed orbit. Osculating elements describe the unperturbed (two- 
body) orbit that the body would follow if perturbations were to cease instantaneously. (See 
orbit, instantaneous; orbital elements.) 
parallax: the difference in apparent direction of an object as seen from two different locations; 
conversely, the angle at the object that is subtended by the line joining two designated points. 
(See parallax, horizontal.) 
parallax, annual: see parallax, heliocentric. 
parallax, diurnal: see parallax, geocentric. 
parallax, geocentric: the angular difference between the topocentric and geocentric 
directions toward an object. 
parallax, heliocentric: the angular difference between the geocentric and heliocentric 
directions toward an object; it is the angle subtended at the observed object. 
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parallax, horizontal: the angular difference between the topocentric and a geocentric 
direction toward an object when the object is on the astronomical horizon. 

parallax in altitude: the angular difference between the topocentric and geocentric direction 
toward an object when the object is at a given altitude. 

parsec: the distance at which one astronomical unit (AU) subtends an angle of one second of 
arc; equivalently the distance to an object having an annual parallax of one second of arc. 
One parsec is 1/sin (1) = 206264.806 AU, or about 3.26 light-years. 

penumbra: 1. The portion of a shadow in which light from an extended source is partially but 
not completely cut off by an intervening body. 2. The area of partial shadow surrounding the 
umbra. 

pericenter: the point in an orbit that is nearest to the origin of the reference system. (See 
perigee; perihelion.) 

pericenter, argument of: one of the Keplerian elements. It is the angle measured in the orbit 
plane from the ascending node of a reference plane (usually the ecliptic) to the pericenter. 

perigee: the point in an orbit that is nearest to the Earth. Perigee is sometimes used with 
reference to the apparent orbit of the Sun around the Earth. 

perihelion: the point in an orbit that is nearest to the Sun. 

period: the interval of time required to complete one revolution in an orbit or one cycle of a 
periodic phenomenon, such as a cycle of phases. (See phase.) 

perturbations: 1. Deviations between the actual orbit of a celestial body and an assumed 
reference orbit. 2. The forces that cause deviations between the actual and reference orbits. 
Perturbations, according to the first meaning, are usually calculated as quantities to be added 
to the coordinates of the reference orbit to obtain the precise coordinates. 

phase: 1. The name applied to the apparent degree of illumination of the disk of the Moon or 
a planet as seen from Earth (cresent, gibbous, full, etc.). 2. The ratio of the illuminated area 
of the apparent disk of a celestial body to the entire area of the apparent disk; i.e., the fraction 
illuminated. 3. Used loosely to refer to one aspect of an eclipse (partial phase, annular phase, 
etc.). (See lunar phases.) 

phase angle: the angle measured at the center of an illuminated body between the light source 
and the observer. 

photometry: a measurement of the intensity of light, usually specified for a specific wavelength 
range. 

planetocentric coordinates: coordinates for general use, where the z-axis is the mean axis of 
rotation, the x-axis is the intersection of the planetary equator (normal to the z-axis through 
the center of mass) and an arbitrary prime meridian, and the y-axis completes a right-hand 
coordinate system. Longitude of a point is measured positive to the prime meridian as defined 
by rotational elements. Latitude of a point is the angle between the planetary equator and a 
line to the center of mass. The radius is measured from the center of mass to the surface point. 

planetographic coordinates: coordinates for cartographic purposes dependent on an equipo- 
tential surface as a reference surface. Longitude of a point is measured in the direction opposite 
to the rotation (positive to the west for direct rotation) from the cartographic position of the 
prime meridian defined by a clearly observable surface feature. Latitude of a point is the 
angle between the planetary equator (normal to the z-axis and through the center of mass) and 
normal to the reference surface at the point. The height of a point is specified as the distance 
above a point with the same longitude and latitude on the reference surface. 

polar motion: the quasi-periodic motion of the Earth’s pole of rotation with respect to the 
Earth’s solid body. More precisely, the angular excursion of the CIP from the ITRS z- 
axis. (See Celestial Intermediate Pole (CIP); International Terrestrial Reference System 
(ITRS).) 

polar wobble: see wobble, polar. 

pole, celestial: either of the two points projected onto the celestial sphere by the Earth’s axis. 
Usually, this is the axis of the Celestial Intermediate Pole (CIP), but it may also refer to the 


GLOSSARY M13 


instantaneous axis of rotation, or the angular momentum vector. All of these axes are within 
0’1 of each other. If greater accuracy is desired, the specific axis should be designated. 
pole, Tisserand mean: the angular momentum pole for the Earth about which the total internal 
angular momentum of the Earth is zero. The motions of the Celestial Intermediate Pole (CIP) 
(described by the conventional theories of precession and nutation) are those of the Tisserand 
mean pole with periods greater than two days in a celestial reference system (specifically, the 
Geocentric Celestial Reference System (GCRS)). 
precession: the smoothly changing orientation (secular motion) of an orbital plane or the 
equator of a rotating body. Applied to rotational dynamics, precession may be excited by a 
singular event, such as a collision, a progenitor’s disruption, or a tidal interaction at a close 
approach (free precession); or caused by continuous torques from other solar system bodies, or 
jetting, in the case of comets (forced precession). For the Earth’s rotation, the main sources of 
forced precession are the torques caused by the attraction of the Sun and Moon on the Earth’s 
equatorial bulge, called precession of the equator (formerly known as lunisolar precession). 
The slow change in the orientation of the Earth’s orbital plane is called precession of the 
ecliptic (formerly known as planetary precession). The combination of both motions — that 
is, the motion of the equator with respect to the ecliptic — is called general precession. 
proper motion: the projection onto the celestial sphere of the space motion of a star relative 
to the solar system; thus the transverse component of the space motion of a star with respect 
to the solar system. Proper motion is usually tabulated in star catalogs as changes in right 
ascension and declination per year or century. 
quadrature: a configuration in which two celestial bodies have apparent longitudes that differ 
by 90° as viewed from a third body. Quadratures are usually tabulated with respect to the Sun 
as viewed from the center of the Earth. (See longitude, ecliptic.) 
radial velocity: the rate of change of the distance to an object, usually corrected for the Earth’s 
motion with respect to the solar system barycenter. 
refraction: the change in direction of travel (bending) of a light ray as it passes obliquely from 
a medium of lesser/greater density to a medium of greater/lesser density. 
refraction, astronomical: the change in direction of travel (bending) of a light ray as it 
passes obliquely through the atmosphere. As a result of refraction the observed altitude 
of acelestial object is greater than its geometric altitude. The amount of refraction depends 
on the altitude of the object and on atmospheric conditions. 
refraction, horizontal: the astronomical refraction at the astronomical horizon; often, 
an adopted value of 34’ is used in computations for sea level observations. 
retrograde motion: for orbital motion in the solar system, motion that is clockwise in the orbit 
as seen from the north pole of the ecliptic; for an object observed on the celestial sphere, 
motion that is from east to west, resulting from the relative motion of the object and the Earth. 
(See direct motion.) 
right ascension: angular distance on the celestial sphere measured eastward along the celestial 
equator from the equinox to the hour circle passing through the celestial object. Right 
ascension is usually given in combination with declination. 
second, Systéme International (SI): the duration of 9 192 631 770 cycles of radiation corre- 
sponding to the transition between two hyperfine levels of the ground state of cesium 133. 
selenocentric: with reference to, or pertaining to, the center of the Moon. 
semidiameter: the angle at the observer subtended by the equatorial radius of the Sun, Moon 
or a planet. 
semimajor axis: 1. Half the length of the major axis of an ellipse. 2. A standard element used 
to describe an elliptical orbit. (See orbital elements.) 
SI second: see second, Systéme International (SI). 
sidereal day: the period between successive transits of the equinox. The mean sidereal day 
is approximately 23 hours, 56 minutes, 4 seconds. (See sidereal time.) 
sidereal hour angle: angular distance on the celestial sphere measured westward along the 
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celestial equator from the equinox to the hour circle passing through the celestial object. It 
is equal to 360° minus right ascension in degrees. 

sidereal month: see month, sidereal. 

sidereal time: the hour angle of the equinox. If the mean equinox is used, the result is mean 
sidereal time; if the true equinox is used, the result is apparent sidereal time. The hour angle 
can be measured with respect to the local meridian or the Greenwich meridian, yielding, 
respectively, local or Greenwich (mean or apparent) sidereal times. 

solstice: either of the two points on the ecliptic at which the apparent longitude of the Sun is 
90° or 270°; also the time at which the Sun is at either point. (See longitude, ecliptic.) 

spectral types or classes: categorization of stars according to their spectra, primarily due to 
differing temperatures of the stellar atmosphere. From hottest to coolest, the commonly used 
Morgan-Keenan spectral types are O, B, A, F, G, K and M. Some other extended spectral types 
include W, L, T, S, D and C. 

standard epoch: a date and time that specifies the reference system to which celestial coordi- 
nates are referred. (See mean equator and equinox.) 

stationary point: the time or position at which the rate of change of the apparent right ascension 
of a planet is momentarily zero. (See apparent place.) 

sunrise, sunset: the times at which the apparent upper limb of the Sun is on the astronomical 
horizon. In The Astronomical Almanac they are computed as the times when the true zenith 
distance, referred to the center of the Earth, of the central point of the disk is 90°50’, based 
on adopted values of 34’ for horizontal refraction and 16’ for the Sun’s semidiameter. 

surface brightness: the visual magnitude of an average square arcsecond area of the illuminated 
portion of the apparent disk of the Moon or a planet. 

synodic month: see month, synodic. 

synodic period: the mean interval of time between successive conjunctions of a pair of planets, 
as observed from the Sun; or the mean interval between successive conjunctions of a satellite 
with the Sun, as observed from the satellite’s primary. 

synodic time: pertaining to successive conjunctions; successive returns of a planet to the same 
aspect as determined by Earth. 

syzygy: 1. A configuration where three or more celestial bodies are positioned approximately 
in a straight line in space. Often the bodies involved are the Earth, Sun and either the Moon 
or a planet. 2. The times of the New Moon and Full Moon. 

TAI: see International Atomic Time (TAI). 

TCB: see Barycentric Coordinate Time (TCB). 

TCG: see Geocentric Coordinate Time (TCG). 

TDB: see Barycentric Dynamical Time (TDB). 

Tepn: the independent argument of the JPL planetary and lunar ephermerides DE405/LE405; 
in the terminology of General Relativity, a barycentric coordinate time scale. T.,, is a 
linear function of Barycentric Coordinate Time (TCB) and has the same rate as Terrestrial 
Time (TT) over the time span of the ephemeris. T,,,;, is regarded as functionally equiva- 
lent to Barycentric Dynamical Time (TDB). (See Barycentric Coordinate Time (TCB); 
Barycentric Dynamical Time (TDB); Terrestrial Time (TT).) 

terminator: the boundary between the illuminated and dark areas of a celestial body. 

Terrestrial Ephemeris Origin (TEO): the original name for the Terrestrial Intermediate 
Origin (TIO). Obsolete. 

Terrestrial Intermediate Origin (TIO): the non-rotating origin of the Terrestrial Intermedi- 
ate Reference System (TIRS), established by the International Astronomical Union ([AU) 
in 2000. The TIO was originally set at the International Terrestrial Reference Frame 
(ITRF) origin of longitude and throughout 1900-2100 stays within 0.1 mas of the ITRF 
zero-meridian. Formerly referred to as the Terrestrial Ephemeris Origin (TEO). 

Terrestrial Intermediate Reference System (TIRS): a geocentric reference system defined 
by the intermediate equator of the Celestial Intermediate Pole (CIP) and the Terrestrial 
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Intermediate Origin (TIO) on a specific date. It is related to the Celestial Intermediate 
Reference System by a rotation of the Earth Rotation Angle, @, around the Celestial 
Intermediate Pole. 

Terrestrial Time (TT): an idealized form of International Atomic Time (TAI) with an epoch 
offset; in practice TT = TAI + 32°184. TT thus advances by SI seconds on the geoid. Used 
as an independent argument for apparent geocentric ephemerides. (See second, Systeme 
International (SI).) 

topocentric: with reference to, or pertaining to, a point on the surface of the Earth. 

transit: 1. The passage of the apparent center of the disk of a celestial object across a meridian. 
2. The passage of one celestial body in front of another of greater apparent diameter (e.g., the 
passage of Mercury or Venus across the Sun or Jupiter’s satellites across its disk); however, 
the passage of the Moon in front of the larger apparent Sun is called an annular eclipse. (See 
eclipse, annular; eclipse, solar.) 

transit, shadow: The passage of a body’s shadow across another body; however, the passage 
of the Moon’s shadow across the Earth is called a solar eclipse. 

true equator and equinox: the celestial coordinate system defined by the orientation of the 
Earth’s equatorial plane on some specified date together with the direction of the dynamical 
equinox on that date. The true equator and equinox are affected by both precession and 
nutation. (See mean equator and equinox; nutation; precession.) 

TT: see Terrestrial Time (TT). 

twilight: the interval of time preceding sunrise and following sunset during which the sky is 
partially illuminated. Civil twilight comprises the interval when the zenith distance, referred 
to the center of the Earth, of the central point of the Sun’s disk is between 90°50’ and 96°, 
nautical twilight comprises the interval from 96° to 102°, astronomical twilight comprises the 
interval from 102° to 108°. (See sunrise, sunset.) 

umbra: the portion of a shadow cone in which none of the light from an extended light source 
(ignoring refraction) can be observed. 

Universal Time (UT): a generic reference to one of several time scales that approximate the 
mean diurnal motion of the Sun; loosely, mean solar time on the Greenwich meridian 
(previously referred to as Greenwich Mean Time). In current usage, UT refers either to a time 
scale called UT1 or to Coordinated Universal Time (UTC); in this volume, UT always refers 
to UT1. UT1 is formally defined by a mathematical expression that relates it to sidereal time. 
Thus, UT1 is observationally determined by the apparent diurnal motions of celestial bodies, 
and is affected by irregularities in the Earth’s rate of rotation. UTC is an atomic time scale but 
is maintained within 0°9 of UT1 by the introduction of l1-second steps when necessary. (See 
leap second.) 

UT1: see Universal Time (UT). 

UTC: see Coordinated Universal Time (UTC). 

vernal equinox: see equinox, vernal. 

vertical: the apparent direction of gravity at the point of observation (normal to the plane of a 
free level surface). 

week: an arbitrary period of days, usually seven days; approximately equal to the number of 
days counted between the four phases of the Moon. (See lunar phases.) 

wobble, polar: 1. In current practice including the phraseology used in The Astronomical 
Almanac, it is identical to polar motion. 2. In certain contexts it can refer to specific 
components of polar motion, e.g. Chandler wobble or annual wobble. (See polar motion.) 

year: a period of time based on the revolution of the Earth around the Sun, or the period of the 
Sun’s apparent motion around the celestial sphere. The length of a given year depends on the 
choice of the reference point used to measure this motion. 

year, anomalistic: the period between successive passages of the Earth through perihelion. 
The anomalistic year is approximately 25 minutes longer than the tropical year. 
year, Besselian: the period of one complete revolution in right ascension of the fictitious 
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mean Sun, as defined by Newcomb. Its length is shorter than a tropical year by 0.148 xT 
seconds, where T is centuries since 1900.0. The beginning of the Besselian year occurs 
when the fictitious mean Sun is at ecliptic longitude 280°. Now obsolete. 

year, calendar: the period between two dates with the same name in a calendar, either 
365 or 366 days. The Gregorian calendar, now universally used for civil purposes, is 
based on the tropical year. 

year, eclipse: the period between successive passages of the Sun (as seen from the geocen- 
ter) through the same lunar node (one of two points where the Moon’s orbit intersects the 
ecliptic). It is approximately 346.62 days. 

year, Julian: a period of 365.25 days. It served as the basis for the Julian calendar. 

year, sidereal: the period of revolution of the Earth around the Sun in a fixed reference 
frame. It is the mean period of the Earth’s revolution with respect to the background stars. 
The sidereal year is approximately 20 minutes longer than the tropical year. 

year, tropical: the period of revolution of the Earth around the Sun with respect to the 
dynamical equinox. The tropical year comprises a complete cycle of seasons, and 
its length is approximated in the long term by the civil (Gregorian) calendar. It is 
approximately 365 days, 5 hours, 48 minutes, 45 seconds. 

zenith: in general, the point directly overhead on the celestial sphere. 

zenith, astronomical: the extension to infinity of a plumb line from an observer’s location. 

zenith, geocentric: The point projected onto the celestial sphere by a line that passes 
through the geocenter and an observer. 

zenith, geodetic: the point projected onto the celestial sphere by the line normal to the 
Earth’s geodetic ellipsoid at an observer’s location. 

zenith distance: angular distance on the celestial sphere measured along the great circle from 
the zenith to the celestial object. Zenith distance is 90° minus altitude. 
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Definitions of astronomical terms are provided in the Glossary, Section M. Entries in the Glossary 
are not cited in the Index. 
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Definitions of astronomical terms are provided in the Glossary, Section M. Entries in the Glossary 
are not cited in the Index. 
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Definitions of astronomical terms are provided in the Glossary, Section M. Entries in the Glossary 
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Definitions of astronomical terms are provided in the Glossary, Section M. Entries in the Glossary 
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Definitions of astronomical terms are provided in the Glossary, Section M. Entries in the Glossary 
are not cited in the Index. 
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